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INTRODUCTION

Measuring complex task performance such as tank gunnery
has been, historically, a challenge for psychological
researchers. Regardless of the particular setting, there are
certain factors which make accurate performance measurement
troublesome.
Reliably measuring and generalizing complex task
performance is a particularly notorious problem in the
military (Wallace, 1965; Boldovici

&

Kraemer, 1975; Mixon,

1982; Lane, 1986; Turnage, Houser,

&

Hoffmann, 1987). In

Lane's (1986) summary of reliability of field measures, he
notes that a reliability reading of .30 is considered high
for field measures, and .00 to .10 is typical for a single
individual performance!
One specific factor influencing accurate task
performance measurement is expense. With military tasks in
particular, training and testing performance on certain
tasks can involve vast expenditures of time and money. One
source (Rapkoch

&

Robinson, 1986) estimates, for example,

that the ammunition cost alone of firing one M1 tank on a
single Tank Gunnery Table VIII is over $5,000. Whether
combined with the time involved in testing, or taken alone,
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this figure, and others like it, have become a source of
concern. Therefore, to curtail these expenditures of time
and money, many times a test will be compromised by
decreasing the length of the task, or by instituting mockup
training and testing situations with limited realism. In
either case, the task's utility is marginal.
Another problem which hampers accurate task performance
measurement involves the risks associated with the activity
being tested. Again, in the military, many of the complex
activities tested involve a high element of risk when
performed by personnel with limited training. Therefore, it
has proved beneficial to develop and institute various
simulation systems and other forms of training to replace or
enhance actual weapon system-based training and testing.
In addition to the problems encountered with
measurement of tank gunnery as a criterion, the difficulty
involved in finding a laboratory test which acts as an
accurate indicator of real-world performance is well known
as well (Locke, 1986; Runkel & McGrath, 1972; Berkowitz &
Donnerstein, 1982). Chapanis (1967), in a somewhat sobering
article, relates several problems that behavioral
scientists, and psychologists in particular, face when
generalizing laboratory findings to real-world situations.
Among these are the following: First, . scientists typically
select only a microscopic subset of independent variables
for study. The countless others are then either held
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"constant," or ignored. Therefore, important variables which
may have interacting effects with the independent variables
actually studied are overlooked.
Also, when variables are investigated in the
laboratory, their very essence is changed. Berkun, Bialek,
Kern, and Yagi (1962) elaborate by stating that, in many
cases, laboratory studies of stress tend to induce in
subjects a test taking set or experimenter-oriented
motivation, which alters their normal behavior.
Chapanis (1967) also points out the following paradox: While
the goal of a competent researcher is to reduce the
denominator of the t- or F-test by reducing variability in
the subject population, this has a secondary effect of
reducing the applicability and importance of his findings.
Finally, Chapanis argues that the tendency of experimenters
to present random or overloaded stimuli to the subject is
unrealistic and will, therefore, lead to spurious findings.
However, while the problems associated with
generalization of laboratory studies to real-life situations
are acknowledged, certain researchers argue that they are
still a necessary technique (indeed, perhaps the best
technique) available in the behavioral sciences. Locke
(1986) provides an in-depth look at the issues surrounding
generalization of laboratory findings. He notes (p. 257)
that while data from laboratory studies may not always be
generalizable to the population of concern, the data gleaned
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from field studies (the logical alternative to laboratory
studies) is perhaps just as contaminated, if not more so.
In a more recent article, Chapanis (1988) responds to
Smith's (1987) harsh commentary on generalizability of
laboratory results by stating that, "We shall always have to
have specific studies to obtain the exact answers and
precise values that engineers need for particular
applications. In the final analysis, however, every study,
whether basic or applied, can be generalized to some extent"
(p.

266).

One particular problem affecting the ease with which
performance results are generalizable is reliability.
Reliability can be defined as the extent to which, when
performance is repeated, the same results are obtained. This
concept can be best described by Spearman's (1904)
correction for attenuation formula:

where r~ is the observed relationship between a predictor,
such as simulator performance, and a criterion, such as
operational performance, r~ is the reliability of the
predictor, rw is the reliability of the criterion, and~ is
the true relationship between the predictor and criterion.
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Embedded within Spearman's formula are the two
components of reliability which are necessary for accurate
task performance measurement. Both are forms of internal
reliability. The first, r~, or predictor reliabi lity, refers
to the stability of the predictor. The second, rYY' refers to
criterion reliability, where "criterion" is generally
synonymous with operational performance, particularly in
military training situations.
As is shown by Spearman's correction for attenuation
formula, the magnitude of the true relationship between the
predictor and the criterion is linked in a positive, linear
fashion to the internal reliabilities of the predictor and
criterion. Thus, if either the predictor or criterion has
low reliability, the predictive validity will suffer.
To circumvent the problem of low predictive validity,
therefore, it is necessary to improve the internal
reliability of either the predictor or - the criterion or
both. In most cases, it is generally recognized that
modification of the predictor measure is easier and less
costly than modification of the criterion (Turnage, Kennedy,
Gilson, Bliss,

&

Nolan, 1988).

It is widely assumed that as the length of a test
increases, the reliability increases as well (Nunnally,
1978). Consequently, increasing the number of items on the
test has been a standard method used to bolster predictive
validity.
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A second method of increasing predictor validity is to
increase the cohesiveness of the items, while insuring that
this cohesiveness is, in turn, representative of the
criterion. Vreuls and Obermayer (1985) suggest three ways to
accomplish this objective: 1) use the actual performance of
a representative sample of experts as a standard against
which later predictor items are formulated, 2) use a
representative sample of experts (SMEs) to judge criterion
performance quality, determining which predictor measures
correlate with these judgments and 3) correlate predictor
measures with outside criteria, such as success in mission
performance, peer ratings, or supervisor ratings.
Pickering and Anderson (1976) commented that when
testing is done by job experts or instructors in the
military, test-retest reliability tends to suffer, due to
the coaching and feedback given. This refers to the tendency
by some job experts to coach test takers, which may serve to
improve retest scores, leading to lower reliability figures.
For this reason, test-retest reliability of performance
measurement should improve when simulation is used instead;
however, caution must always be taken to minimize coaching,
due to the fact that this can be a problem in simulation
situations as well ·(Crawford

&

Brock, 1977).

In addition to the methods of increasing predictor
validity mentioned above, other methods, though usually seen
as costly, are available to counteract low criterion
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reliability. These include improved feedback systems and
clearer criterion definitions. For example, one way to
improve feedback systems is to increase the level of
accuracy obtainable. Accurate measures of criterion
performance lead to more precise isolation of the problem,
while also at times decreasing the variance associated with
the criterion measure. Also, when criterion standards are
well defined, there is less chance of poor performance due
to ambiguity of task definition.
One method in particular which has been suggested to
alleviate the problems associated with low criterion
reliability has been the use of surrogate measurement (Lane,
Kennedy,

&

Jones, 1986). Surrogate measures, while related

to the construct of interest, do not involve operations in
common with the actual performance measures. Through this
method of "substitution" surrogate measurement predicts
portions of variance on the complex criterion task by
measuring performance on relatively simple tasks.
In order for the concept of surrogate measurement to be
effective, Lane et al.

(1986) suggest five characteristics

for surrogate measures to demonstrate: 1) stability, so that
"what is measured" is constant, 2) correlation with the
performance construct, 3) sensitivity to the factors that
would normally affect operational performance, 4) increased
reliability over field measures, and 5) minimal use of
training time. By fulfilling these requirements, it is
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suggested that surrogate measurement, while practically less
valid, may tap more of the true variance of a field measure,
due to its greater reliability.
Lane et al.

(1986) elaborate on the nature of surrogate

measurement by stating that surrogate measures typically
offer measurement advantages, in that they are learned more
quickly, in many cases, than other synthetic tasks. Also,
surrogate measures are

easy to score. These benefits

demonstrate surrogate measure's ease of implementation when
compared to other methods (e.g., synthetic tasks, proposed
by Alluisi and Morgan, 1982; and controlled job-sample
approaches, demonstrated by Biers and Sauer, 1982, and Black
and Graham, 1987).
Several studies have investigated the feasibility of
using surrogate measurement. First, Lintern and Kennedy
(1984) used a video game as a successful covariate in
carrier landing research. Also, Jensen · (1986) conducted a
study which found that processing time for simple,
elementary cognitive tasks correlated highly (r = .60) with
scores on the Advanced Ravens Progressive Matrices Test,
which is a difficult test of complex reasoning. In addition,
the same processing time measure also correlated (r = .62)
with the Weschler Adult Intelligence Scale (WAIS) Full Scale

IQ.
Work has also been done (Kennedy, Wilkes, Dunlap,

&

Kuntz, 1987) which shows that stable performance measures
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elicited from microcomputer-based test batteries were
strongly related to global measures of intelligence, namely
a synthetic Armed Services Vocational Aptitude Battery
(ASVAB), American College Test (ACT) scores, the Wonderlic
Personnel Test, and certain performance subtests of the
WAIS. The stability of the microcomputer-based test battery
used in Kennedy et al.

(1987) has proven stable and reliable

in other studies as well (Tabler, Turnage,
Turnage, Kennedy,
Bliss,

&

&

&

Kennedy, 1987;

Osteen, 1987; Turnage, Kennedy, Gilson,

Nolan, 1988). However, since most supporting

studies have been conducted largely with strict
cognitive-based tasks, it is imperative that the obtained
results be replicated using the microcomputer-based tests as
a surrogate measure of complex psychomotor performances, to
show the expanded utility of surrogate measurement.
Due to the complex nature of tank gunnery, the expense
and potential danger involved in the training of tank
gunners, and the environmental constraints, efforts have
been made to develop simulation systems with which to train
potential tank gunners. However, due to limited availability
of trainers, and large numbers of personnel trained, the
need exists for a type of screening device (surrogate
measure) by which those with resident gunnery training
aptitude may be isolated, and those without such aptitude
may be redirected to other types of specialization. Such a
goal necessitates an accurate description of the tank
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gunnery task, and formulation of predictors of tank gunnery
performance.
Past research concerned with prediction of tank crew
performance has been relatively inconclusive and flawed by
measurement problems. For example, several efforts have been
undertaken to determine the relation of various paper-andpencil tests to tank gunnery performance (Eaton, 1978;
Eaton, Bessemer, & Kristiansen, 1979; Greenstein & Hughes,
1977); however, few significant correlations were observed.
A possible explanation for this was given by Black and
Graham (1987) who suggested that paper-and-pencil tests are
limited because "they tap only perceptual and/or cognitive
aptitudes, not the additional perceptual motor or
psychomotor components of gunnery" (p. 5).
In other efforts, job-sample testing (hands-on tests
measuring certain critical aspects of the gunner's job
performance) has been investigated as a potential predictor
of Ml trainee performance (Biers & Sauer, 1982; Campbell &
Black, 1982; Eaton, Johnson,

&

Black, 1980). Such tests have

shown better prediction than paper-and-pencil tests;
however, neither job sample tests nor paper-and-pencil tests
have been particularly successful in predicting tank gunnery
performances.
Among the factors that make accurate gunnery
performance measurement troublesome are the identification,
definition, and measurement of variables which may have a
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potential effect on gunnery performance. Black and Graham
(1987) provide a sample list of gunner aptitude/skill
requirements for gunnery tasks, in which hand-eye
coordination is related to target tracking, visual acuity to
target recognition, intelligence to computer procedures,
perceptual skills to target identification, and reaction
time to target engagement. In addition, Kottas and Bessemer
(1979), in their investigation of strategies for engaging
moving targets, indicate that target speed discrimination,
space perception (perception of distance relationships),
and range and slant (of a target) estimation are of
importance in gunnery performance.
The objective of this research is to investigate the
ability of a microcomputer-based test battery, the Automated
Performance Test System (APTS), to act as a surrogate
measure of performance on a selected psychomotor task,
namely subject performance on two part~task tank gunnery
simulators. Specifically, it is hypothesized that the
results obtained from three APTS subtests in particular,
Manikin, Simultaneous Pattern Comparison, and Four-Choice
Reaction Time, will predict part-task tank gunnery simulator
performance.
Surrogate measurement offers an alternative method to
address the problems faced by military task measurements.
Lane, Kennedy, and Jones (1986) note that, due to resource
constraints or the setting (particularly operational or
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field environments) in which task performance is achieved,
satisfactory measures of on-job performance cannot be
obtained. In addition, the phenomena under investigation may
be so unstable as to warrant repeated measures; however, the
nature of the task (activities not observable, cost of each
data point) may prevent multiple performance.
The hypothesis presented is drawn in part from the fact
that these three APTS subtests (Four-Choice Reaction Time,
Manikin, and Simultaneous Pattern Comparison) are purported
(Bittner, Carter, Kennedy, Harbeson, & Krause, 1986) to be
indicative of spatial and perceptual ability. As noted
above, these same abilities were reported by both Kottas and
Bessemer (1979) and Black and Graham (1987) as important for
tank gunnery. In addition, Turnage et al.

(1988) conducted a

similar study using the APTS as a surrogate measure of
flight trainer performance. In that study, these same
subtests were found to be most predictive of relatively
simple, low-cost flight trainer performance. Since both
flight training and tank gunnery are highly perceptual in
nature and require quick reactions to visual stimuli, and
since both tank gunnery and flight performance are complex
psychomotor tasks, it is hypothesized that the results of
the current study will parallel those of Turnage et al.
(1988). Thus, further extended applicability of surrogate
measurement to more complex psychomotor tasks will be shown.
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Ancillary analyses to be conducted in this study
include: 1) estimation of reliability and stability of all
measures used in this experiment; 2) calculation of the
Gunnery Index (Witmer, 1988) and estimation of its
reliability and usefulness as a measure of gunnery
performance; and 3) separation of TOPGUN and VIGS gunnery
engagements into varying sight modes (GPS, TIS, and GAS).
movement types (stationary and moving), and Trials (1-4), to
determine relative target difficulty and learning effects.

METHOD

Subjects
Sixty subjects were drawn from undergraduate and
graduate classes located at the University of Central
Florida in Orlando, Florida, for participation in a study
investigating transfer of training between tank gunnery
simulators (Turnage

&

Bliss, 1989). The current study

represents a smaller part of that larger investigation. Of
the original 60 subjects, data from the 40 subjects who
received part-task gunnery training were used in this study.
All 40 subjects were procured on a voluntary basis in
accordance with American Psychological Association
Principles for Research with Human Subjects. All subjects
were male, and ranged from approximately 18-30 years of age.
They were paid approximately five dollars per hour for their
participation in the study. Subjects were required to be in
good physical and mental health prior to testing. Subjects
were informed as to the general nature of the experiment
prior to testing, and required to complete informed consent
forms prior to participation. From background questionnaires
administered at the beginning of the study, the following
demographic information was obtained: subjects included 10
14
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freshmen (25.0%), 7 sophomores (17.5%), 12 juniors (30.0%),
9 seniors (22.5%) and one graduate student (2.5%). There was
one subject who was not in school (2.5%).
Of the 40 subjects, 11

(27.5%) were enlisted in Army

and Air Force ROTC units on campus at the University of
Central Florida. Subjects were also asked about their
expertise at video games. Of the 40 subjects, 28 (70.0%)
played video games less than once per week, 2 (5.0%) played
once per week, 5 (12.5%) played two to four times per week,
and 4 (10.0%) played more than four times per week. One
subject did not offer a response. Subjects were also
screened for colorblindness using the Ishihara
colorblindness plates. Thirty-nine of the subjects correctly
identified all four of the plates. The remaining subject
identified three of the four plates, which was acceptable.
Extended information regarding the use of these demographic
and vision items as predictors of tank gunnery performance
can be found in Turnage and Bliss (1989).

Materials
The two part-task tank gunnery simulators that were
used in this experiment train only the gunnery position in
the M1 tank. The simulators are located in the Simulator
Laboratory of the Institute for Simulation and Training at
the University of Central Florida.
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TOPGUN
The TOPGUN trainer is a prototype, designed by N.K.H.
Corporation in Carlsbad, California, under a Defense
Advanced Research Projects Agency (DARPA) program. TOPGUN is
considered an arcade-type part-task trainer for the gunner
position. It is designed as a sustainment trainer for
crewmen already familiar with tank gunnery operations. The
trainee engages single, multiple, moving, and stationary
targets in response to an automated "tank commander's"
instructions. The tank commander is TOPGUN's onboard
computer which evaluates threats, assigns them priority, and
directs the engagement accordingly. TOPGUN operates in one
of two modes: Recreational Mode, designed for dayroom type
activity, which presents threats in a random manner; and
Formal Mode, which allows the experimenter or instructor to
program specific threat placements and kinematics.
Research has been conducted concerning the utility of
the TOPGUN concept (Abel, 1986; Jobe

&

Witmer, 1985);

however, due to the prototype nature of the device, data
concerning reliability of TOPGUN's performance measures are
not readily available. Therefore, the TOPGUN data from this
study was analyzed to determine its reliability, and this
analysis is included in the results section.
TOPGUN gives relatively extensive . performance measures.
Included in these measures are various speed and accuracy
measures to be used in this experiment: time for determining
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target range, Time to Fire, time to identify the target, and
Time to Kill; and the standard accuracy measures: Azimuth
and Elevation Errors from target center of mass. Other
measures such as Hit Percentage and First Round Hit
Percentage are readily available also. Finally, TOPGUN gives
a global performance score based primarily on accuracy.

VIGS
The M1 Videodisk Gunnery Simulator is manufactured by
E.C.C. Corporation in Orlando, Florida, and is designed to
act as a part-task trainer for M1 or M1A1 tank gunners. The
VIGS trainer utilizes computer generated imagery (CGI) to
present engagement scenes to the trainee. These scenes,
along with target identification slides, are presented,
modified, and stored via videodisk technology. In this way
battle "missions" are created as collections of previously
stored individual "lessons." The lessons, stored on
videodisk, each present an engagement of approximately 45
seconds in duration. Through the use of synthesized speech,
the "tank commander" informs the trainee of the target type,
required ammunition, and fire directives. At the end of the
engagement, trainees are provided detailed performance
measures via an embedded cathode ray tube (CRT), and by an
optional on-line printer.
VIGS' performance measures are similar to those on
TOPGUN, and include the following: Time to Fire (Opening
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Time), Time to Kill; and Azimuth and Elevation Errors in
milliradians (a measure of visual angle) from target center
of mass. As with TOPGUN, Hit Percentage is obtainable, as
well as a global performance score which VIGS presents,
based on a combination of speed, accuracy, and procedural
components. The reliability of VIGS' performance measures
has been estimated, most notably in a study by Witmer (1987)
investigating the transfer between VIGS and the Unit Conduct
of Fire trainer (UCOFT). It was determined that several
measures' reliabilities (Hit Percentage, Opening Time, and
Time to Kill) were in excess of r=.80. The VIGS simulator
used for the current study was modified to include an
on-line printer, used in creating hard copies of performance
measures displayed by the VIGS' embedded CRT.
Both gunnery simulators (TOPGUN and VIGS) have been
investigated by Hoffman and Morrison (1988), in a
comparative evaluation of four gunnery training devices.
Drawing from that analysis, an examination was made of the
particular tasks that are trainable on the two devices, in
some cases extending Hoffman and Morrison's analysis to
account for changes which have occurred in each device's
configuration (both software and hardware) due to the
prototypical nature of TOPGUN, and changes in VIGS which
accompany the addition of optional equipment (i.e., the online printer).
Appendices A and

Conclusions of that extension are listed in
B

for TOPGUN and VIGS, respectively.
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From Appendices A and B, and from past literature
(Kottas & Bessemer, 1979; Black & Graham, 1987), it can be
inferred that the abilities tapped by both TOPGUN and VIGS
are highly perceptual in nature. Specifically, these skills
can be grouped into five categories: 1) procedural training
(manipulating correct switches in their proper sequence), 2)
target identification (identification of particular types of
targets), 3) target detection, 4) target tracking (ability
to keep reticle constantly on the target, whether that
target is moving or not), and 5) marksmanship training
(accuracy and speed of target engagement).
Although all five of these areas are important for
TOPGUN/VIGS performance, the last three are most critical
for this study, with marksmanship training paramount. In
addition, marksmanship training is the only area for which
simulator measures are directly obtainable. Since the APTS
has been shown to be a reliable predictor of skills related
to target detection and hand-eye coordination (Turnage,
Kennedy, Gilson, Bliss,

&

Nolan, 1988), it seemed logical

that such a relationship (between APTS and marksmanship
performance) should be observed in the current study.

APTS
The Automated Performance Test System (APTS) utilized
in this study includes a battery of seven performance tests.
The tests used have been shown to be stable (<10 minutes
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testing time), reliable (r > .707), and of known factorial
content. The APTS test battery is delivered on the Zenith
Data Systems ZFL-181 portable microcomputer. The ZFL-181
contains 640K on board memory, two 720K 3.5-inch floppy
drives, serial and parallel ports, an RGB interface, and 80
characters by 25 line supertwist, backlit LCD display, and
is completely IBM PC compatible. The batteries are capable
of powering the unit for 4.2 hours. Eighteen response
measures are obtainable from the full APTS battery; however,
a reduced APTS battery was used for this study, consisting
of a total of 13 response measures as listed below. Subjects
are required to press keys on the keyboard to provide
answers and responses. The following APTS subtests used in
this study are listed in their order of presentation:

Tapping (NPTAP and TFTAP).

The Tapping test is a motor

skills performance test which has been highly recommended
for inclusion in microbased repeated-measures batteries
(Kennedy, Wilkes, Dunlap,

&

Lane, 1985). The subject is

required to press the Sand D keys alternately as fast as
possible. Scoring is based upon the number of alternate
keypresses recorded, as this insures that the subject is
pressing more than one key. Subjects are instructed to
perform some trials using their "non-preferred" hand (NPTAP)
and some trials alternating taps between the index fingers
of each hand (TFTAP).
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Four-Choice Reaction Time (RT).

The Four-Choice Visual

Reaction Time test (Donders, 1968) is a perceptual test
involving the presentation of a visual stimulus and
measurement of a response latency to the stimulus. The
subject is instructed to respond as quickly as possible with
a key press to a simple visual stimulus. The visual stimulus
is preceded by an auditory signal and no decision making
(disjunctive) regarding the stimulus is necessary. Reaction
time is measured in milliseconds from the onset of the
visual stimulus to the key press. The participant observes
boxes on the screen until one changes appearance (from an
"outlined" to a "filled" pattern). Then he presses the
corresponding key. The only performance measure obtained
from this test and used in the analyses was Average Response
Latency (RTARL), measured as described above.

Code Substitution (CS).
(Ekstrom, French, Harmon,

The Code Substitution Test
&

Derman, 1976) is derived by

randomly assigning digits to nine letters. The subject's
task is to repeat the assigned digit code when presented
with the test letters. There is no response deadline, and
each coding string ·remains on the screen for 30 trials. Code
Substitution is described by Bittner, Carter, Kennedy,
Harbeson, and Krause (1986) as a cognitive and
perceptual-type task with visual search encoding and
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decoding, rote recall, and perceptual speed as important
factors in performance (p. 38). Previous studies of Code
Substitution (Pepper, Kennedy, Bittner, Wiker,

&

Harbeson,

1985) have indicated that the task is acceptable for use in
repeated-measures research. Response time, referred to in
the results of this paper as Average Response Latency
(CSARL), is recorded in milliseconds from the appearance of
the probe letter until a response is made. Also, the number
of correct responses was used (CSNC).

Grammatical Reasoning (GR).

The Grammatical Reasoning

test (Baddeley, 1968) involves five grammatical
transformations on statements about the relationship between
two letters, A and B. The five transformations included are:
1) active versus passive construction, 2) true versus false
statements, 3) affirmative versus negative phrasing, 4) use
of the verb "precedes" versus the verb ''follows," and 5) A
versus B mentioned first. There are 32 possible items
arranged in random order. The subject's task is to respond
"True" or "False," depending on the presentation of the
statement. Grammatical Reasoning is described by Bittner et
al.

(1986) as measuring higher mental processes with

reasoning, logic, and verbal ability as important factors in
test performance. Previous studies with Grammatical
Reasoning identified in Bittner, Carter, Kennedy, Harbeson,
and Krause (1986) have indicated that the task is acceptable
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for use in repeated-measures research. As with Code
Substitution, the measures of Grammatical Reasoning included
in the present analyses include Number Correct (GRNC) and
Average Response Latency (GRARL).

Simultaneous Pattern Comparison (PC).
Comparison Test (Klein

&

The Pattern

Armitage, 1979), which measures

factors relating to target acquisition and visual search,
requires the subject to examine a pair of eight-dot patterns
and to determine whether they are "same" or "different."
Patterns are randomly generated with similar and different
pairs simultaneously presented in random order. Performance
is scored according to the number of pairs correctly
identified as similar or different (PCNC), as well as
Average Response Latency (PCARL). Pattern Comparison is
described by Bittner et al. (1986) as a spatial ability
important to perceptual performance. Response time is
recorded in milliseconds measured from the appearance of the
two patterns until a response is made. A review of Pattern
Comparison studies (Bittner et al., 1986) indicated that the
test is acceptable for use in repeated-measures research.

Manikin (MK) .

The Manikin test (Benson

&

Gedye, 1963)

involves the presentation of a simulated human figure in
either a full-front or full-back facing position. The figure
is shown to have two easily differentiated hand-held
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patterns. One of the two patterns is the matched pair to a
pattern appearing below the figure. The subject's task is to
determine which hand of the figure holds a matching pattern
and respond by pressing the appropriate arrow key (right
arrow for right; left arrow for left). Pattern type, hand
associated with the matching pattern, and front-to-back
figure orientation are randomly determined for each trial.
Bittner et al.

(1986) recommended the use of the Manikin

Test when latency scores are reported in milliseconds from
the time the stimulus appears until a response is made
(MKARL). Performance is also based on the number of
correctly matched pairs (MKNC). The Manikin test is a
perceptual measure of spatial transformation of mental
images and involves spatial ability.

Mathematical Processing (MP).

Mathematical Processing

requires the subject to perform arithmetical operations as
well as value comparison of numeric stimuli. The subject
performs one to three addition and/or subtraction operations
in a single presentation. A response is then made which
indicates whether the total is greater or less than a
prespecified value using the arrow keys. Number of correct
responses (MPNC) and response latencies (MPARL) are
recorded.
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All tests are presented for 120 seconds, except for
Four-Choice Reaction Time, which is presented for 90 seconds
and both Tapping tests, which are presented for 20 seconds.
The stability and reliability of the APTS subtests have
been demonstrated (Kennedy, Wilkes, Dunlap,

&

Kuntz 1987;

Turnage et al., 1987, 1988; Tabler et al., 1987). In a study
by Kennedy et al. (1987), none of the APTS subtests' task
definition reliabilities (average reliability of a task
following the occurrence of correlational stability) were
observed to fall below r = .71, and their three-minute
reliabilities (reliabilities of stabilized tasks
standardized to a three-minute administration base) were
even higher (r > .79). Other examples of the APTS'
reliability and stability are available as well (Kennedy,
Wilkes, Lane,
Bliss,

&

&

Hornick, 1985; Turnage, Kennedy, Gilson,

Nolan, 1988).

Procedure
This study was embedded within a larger effort
investigating the transfer of training between the two
part-task trainers, TOPGUN and VIGS, and the Institutional
Conduct-of-Fire Trainer (ICOFT). Th~t study was a
multiphasic study, requiring approximately 20 hours of
participation per subject.
Phase One occurred during the first week of each
subject's three week experimentation period. Subjects were
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recruited via signup sheet (see Appendix C), and were
required to arrive at the simulator laboratory of the
Institute for Simulation and Training in order to complete a
battery of pretests. These tests included an abbreviated
version of the Armed Services Vocational Aptitude Battery
(ASVAB), the Work and Family Orientation Questionnaire
(WOFO) (Helmreich

&

Spence, 1978), the VISTECH contrast

sensitivity plates (VCTS 6500)(four repetitions), the
Ishihara color blind plates, and the Automated Performance
Test System (APTS). Phase One testing took approximately
three hours. Most of the pretests alluded to above were
included as potential predictors of tank gunnery performance
(described in Turnage and Bliss, 1989), with the exception
of the Ishihara color blind plates, which were used as a
screen for colorblindness.
The APTS was delivered via microcomputer and was the
only pretest battery analyzed in this study. There were
three replications of the APTS, with the first replication
including a one-minute practice session before each subtest.
Therefore the order of tests during Phase One was as
follows:

1) Ishihara colorblind test, 2) VISTECH contrast

sensitivity test, 3) APTS (first replication), 4) ASVAB, 5)
APTS (second replication), 6) Work and Family Orientation
Questionnaire, 7) APTS (third replication), and 8) VISTECH
(second replication).
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Also during Phase One, subjects were required to
complete Other Personnel Services contracts, to initiate
processing of their experimental payments. These were
completed at approximately the same time as the informed
consent forms, which informed subjects of the general nature
of the study (see Appendix D), and a general background
questionnaire (Appendix E).
Phase Two of the study required 40 of the 60 subjects
(those subjects who were to receive TOPGUN and VIGS
training) to report to the simulator laboratory of I.S.T.,
in order to participate in a sequence of part-task simulator
training (either TOPGUN-TOPGUN-VIGS-VIGS or
VIGS-VIGS-TOPGUN-TOPGUN). Specific activities trained on the
two devices can be found in Appendices F and G. The
remaining 20 of the subjects served as a no-training control
group, and therefore received no part-task training.
Subjects followed a schedule of tra~ning as indicated
in Table 1. On the first day, subjects were introduced to
either TOPGUN or VIGS (assignment was random) and underwent
two hours

of familiarization and training. Familiarization

on both TOPGUN and VIGS included general information about
the device, instructions concerning . how to manipulate the
gunnery control handles and switches (see Appendices F, G
and H), and a short scenario (six engage~ents,
representative of each type of target to be encountered).
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TABLE 1
SCHEDULE OF EXPERIMENTAL TRAINING DURING PHASE TWO
DAY 1(2 HRS.)
FAMILIARIZATION
(.5 hour)
then
TOPGUN or VIGS
( 1 . 5 hours)

DAY 2 ( 2 HRS. )
TOPGUN
(2 hours)
or
VIGS
(2 hours)

DAY 3 ( 2 HRS. )

DAY 4 ( 2HRS. )

FAMILIARIZATION
(.5 hour)
then
VIGS or TOPGUN
( 1 . 5 hours)

VIGS
(2hours)
or
TOPGUN
(2 hours)
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The next day, the same subjects underwent two more hours of
training on the same device.
On the third day, subjects switched devices, again
receiving two hours of familiarization and training.
Finally, on the fourth day of Phase Two, subjects completed
two hours of training on the simulator trained on during day
three. All training occurred on consecutive days, at the
same time period each day.
Since, on Day 3, subjects switched simulators, only
device data from Day 1 and Day 2 was analyzed for this study
in order to keep performance measures on each simulator pure
of the effects of prior training. This produced 20 subjects
with TOPGUN-only data, and 20 subjects with VIGS-only data.
TOPGUN training consisted of two 36-target trials per
day, preceded by a short device familiarization period. The
engagements presented a cross-section of battle conditions
and device settings (see Table 2). Included were Gunner's
Primary Sight and Auxiliary Sight (GPS and GAS) engagements,
as well as Thermal Imaging System (TIS) engagements. Target
array was arranged as indicated in Table 2 so that, within
each set of engagements, stationary, · single targets appeared
first; followed by moving, single targets; and, finally,
multiple target sets were presented. At tne same time, GPS
and TIS engagements were presented first (since gunnery
behaviors do not vary significantly between these two sight
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modes), followed by more difficult GAS engagements.
Therefore, the total number of TOPGUN engagements presented
over the two-day period was 144.
TABLE 2
LIST OF ENGAGEMENT SEQUENCES PER DEVICE
TOPGUN

VIGS

Five stationary, single
targets
( 3 GPS,
2 TIS )

Six stationary, single
targets
( 5 GPS, 1 TIS )

Five moving, single targets
targets
(2 GPS,
3 TIS)

Three moving, single
targets
(1 GPS, two TIS)

Five multiple* target sets
(stationary targets;
3 GPS,
2 TIS)

Nine multiple target
sets (moving and stationary mix; 5 GPS, 4 TIS)

Four stationary, single
targets (GAS)

One stationary, single
target (GAS)

Four moving, single targets
(GAS)

Three moving, single
targets (GAS)

Four multiple target sets
(GAS)

Three multiple target
sets (GAS)

* Two targets presented simultaneously
VIGS training consisted of two 41-target trials per
day, preceded by a short device familiarization period. VIGS
engagements also presented a cross-section of battle
conditions and device settings (see Table 2). Target
sequence was identical to that of TOPGUN; however, due to
incompatibility of scenario selection and generation across
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devices, the number of engagements per category for VIGS was
not held constant. The total number of VIGS engagements
presented over the two-day period was 148, which brings the
total engagement number across devices for the four-day
training period to 292.
Phase Three of the extended study involved testing of
subjects' gunnery abilities on the Institutional
Conduct-of-Fire Trainer (ICOFT) in Daytona Beach, Florida.
ICOFT testing time took approximately 2.5 hours per subject,
and occurred after the part-task training (Phase Two).
However, while ICOFT was used as the criterion in the
extended study, ICOFT testing data were not included as part
of the current analysis.
Following Phase Three of the extended study, subjects
were asked to complete questionnaires dealing with their
perception of the TOPGUN and VIGS devices (Appendix I);
however, responses to these questionnaires were not used in
this analysis.

Performance Measures
When attempting to measure gunnery performance, a
researcher may choose from a number of possible indices
(i.e., Time to Fire, time to identify the target, Time to
Kill, total time of engagement, and various derived accuracy
errors, to name a few). Commensurate with Witmer's (1987)
findings concerning reliability of VIGS measurements, the
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performance measures used in this study for VIGS and TOPGUN
were Azimuth and Elevation Aiming Error (in mils), Time to
Kill, and Opening Time (time from presentation of the target
to firing the first round). Due to demonstrated low
reliability of Azimuth and Elevation Errors (Witmer, 1987),
Hit Percentage was also used as a measure of firing
accuracy. Hit percentage was calculated by dividing the
number of rounds hitting the target by the total number of
rounds fired. Finally, information from rounds other than
the first round per target was not used for Azimuth Error,
Elevation Error, and Time to Fire in this study, in order to
simplify the data analysis; instead, second-round
information can be inferred from Time to Kill measures,
where some subjects took more than one round to kill certain
targets, and from composite scores such as Hit Percentage
and the Gunnery Index (described below), derivation of which
utilizes information from rounds other than just the first.
The composite SCORE measure given by TOPGUN and VIGS was
calculated cumulatively by trial.
Because such single measures may not adequately portray
the domain of behaviors involved in gunnery, some
researchers have chosen to utilize composite measures of
gunnery, such as a composite measure of accuracy (Harris,
Melshing, Morrison

&

(Eaton, Johnson,

Black, 1980), and Bonder's composite

&

Goldberg, 1982), tracking proficiency

measure of gunnery (Taylor, 1980). Witmer (1986) has
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advocated another composite measure of tank gunnery
performance which is computed from performance measures
provided by the VIGS and Unit Conduct of Fire Trainer.
Termed the "Gunnery Index," this measure is derived from the
following formula:

Gunnery Index (G.I.) = ( . 5 Wl (sqrt ABC) +
X
100
where A

.SW1D

+

W2E)

= Number of First Round Hits

Number of Targets Presented

B = Number of hits/Number of rounds fired
C = (Number of targets 2resented - Number not engaged)
Number of targets presented

D = J/Average aiming error
E

=

K/Average hit time

And
J
is the smallest average aiming error from the
center of mass exhibited by a given population of gunners
for a particular set of engagements; 0 < J < smallest
average aiming error for the sample.
K
is the fastest average hit time exhibited by a
given population of gunners for a particular set of
engagements; O < K < fastest average hit time for the
sample.

W1 and W2 are weights assigned by the evaluator based
on the judged relative importance of accuracy and
speed; W1 + W2 = 1.0

To further investigate the nature of the Gunnery Index,
and because the elements of the Gunnery Index formula are
available from TOPGUN as well as VIGS, the data obtained
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from this study were also analyzed using the Gunnery Index
as a composite performance measure.
For each test of the APTS battery, each subtest's
scores were in the form of both Number Correct (or number of
alternate keys tapped for Tapping) and Average Response
Latency (ARL). Speed and accuracy measures, therefore, were
available for all devices/tests used.

RESULTS

In order to prepare the data for analysis, the scores
for each APTS test and simulator performance measure were
individually screened and inspected. Data from the 40
subjects were visually inspected at each stage of the coding
process (when the data were obtained from the devices, when
the data were manually transferred to computer files, and
when statistical files were created). Line graphs were
constructed for each of the performance measures (Number
Correct and Average Response Latency for APTS; and Time to
Fire, Time to Kill, Azimuth Error, and Elevation Error from
target center of mass, and Hit Percentage for TOPGUN and
VIGS). The scores were classified by trial (1-3 for APTS and
1-4 for each simulator) and by participant for each group
(TOPGUN or VIGS) and each test. This visual inspection of
the scores allowed identification of anomalies in the data,
such as missing data points (due to equipment malfunction,
subject attrition, and data recording error, for example)
and "outliers," data points farther than three standard
deviations from the mean. By grouping the data into equally
numbered groups, these anomalies were easier to detect.
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Outlying values were found for both TOPGUN and VIGS;
for both simulators, the majority of outliers were noted for
Azimuth and Elevation Errors. It was determined by checking
the original raw data whether the outliers were a function
of coding mistakes, or whether they were genuine outlying
values. If they were genuine outliers, they were included in
subsequent analyses, since, given the characteristics of the
devices and the gunnery task, extreme measurement values
were seen as logically possible and representative of true
gunnery performance.
For the APTS tests, there were no missing data. For the
TOPGUN simulator scores, there was an average of 34.23
missing cases (0.6%) across performance measures (Opening
Time, Time to Kill, Azimuth Error, and Elevation Error), due
primarily to the loss of one subject's first trial data. For
VIGS, there was an average of 168.75 missing cases (2.9%)
across the same performance measures, due to various
methodology and equipment-based factors. These figures are
taken from raw data for all 40 experimental subjects. For
TOPGUN Hit Percentage, Performance SCORE, and Gunnery Index,
there was one missing case, again due to the loss of one
subject's Trial 1 data. For VIGS, however, there were no
missing cases for Hit Percentage, Performance SCORE, or
Gunnery Index. Discussion of the origins of these missing
cases is included as part of the discussion section.
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Next, group means and standard deviations were
calculated for each individual test and response measure
from the APTS series and for speed and accuracy simulation
scores, to determine the extent of stabilization (Jones,
1980; Jones, Kennedy,

&

Bittner, 1981 ). Because the APTS

tests used in this study had been found to be stable in
other studies, rapid stabilization was expected. Explanation
of abbreviations are found in Table 3. The group means and
standard deviations for APTS, TOPGUN, and VIGS, listed by
trial, can be found in Tables 4-8.
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TABLE 3
SUMMARY OF APTS, TOPGUN, AND VIGS ABBREVIATIONS USED
APTS (Automated Performance Test System)*
TAPPING (NPTAP) - Measures manual dexterity
(non-preferred hand).
TAPPING (TFTAP) - Measures manual dexterity (two
hands).
4-CHOICE REACTION TIME (RT) - Measure of reaction time.
CODE SUBSTITUTION (CS) - Ability to use rules to
decode.
GRAMMATICAL REASONING (GR) - Measures verbal and
grammatical ability.
MANIKIN (MK) - Measure of spatial relations.
PATTERN COMPARISON (PC) - Measure of spatial relations.
MATH PROCESSING (MP) - Measures mathematical ability.
TOPGUN and VIGS (Videodisk Gunnery Simulator)
OPENING TIME (Time to Fire -- TFIRE) - Measured from
target presentation to firing of the first round.
TIME TO KILL (TKILL) - Measured from target
presentation to round impact.
AZIMUTH ERROR (AZ) - Measured in milliradians from
target center of mass.
ELEVATION ERROR (EL) - Measured in milliradians from
target center of mass.
HIT PERCENTAGE (PC) - Measured as number of hits
divided by total rounds fired per trial.
PERFORMANCE SCORE (SCORE) - Composite scores given by
each simulator. For VIGS, it is a combination of
accuracy and procedural errors. For TOPGUN, it is based
strictly on accuracy.

39

TABLE 3 -- CONTINUED
GUNNERY INDEX (GI) - A composite measure of gunnery
performance consisting of speed and accuracy
components.

* On abbreviations of APTS subtests, "ARL" refers to
Average Response Latency, a measure of latency of response
in seconds, and "NC" refers to the number of responses
correct.
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TABLE 4
MEANS/STANDARD DEVIATIONS OF TOPGUN AND VIGS SUBJECTS ON
ALL APTS MEASURES (TRIAL 1 )

APTS
MEASURES

OVERALL
(N = 40)
MEAN
SD

TOPGUN
(N = 20)
MEAN
SD

(N
MEAN

VIGS
= 20)
SD

NPTAP

30.63

9.66

3 3. 1 5

7.63

30.35

9.97

TFTAP

36.55

7.77

39.43

7.99

35.33

7.70

RTARL

.49

.09

.47

.04

.49

.07

5 0 . 15

7.00

51. 20

5.76

50.95

6.64

2. 1 6

. 31

2. 1 0

.25

2.09

.28

25.30

6.64

27.20

6.77

24.65

6.80

3.73

.83

3.55

.76

3.73

.78

55.88

11 . 22

53.20

11 . 90

57.75

9.87

MKARL

1 . 82

.45

1 . 96

.58

1. 71

.34

PCNC

81 . 6 7

11. 12

79.00

12.22

81 • 80

10.07

1 . 09

.22

1 . 15

.26

1 . 08

.22

28.87

7.59

2 7. 1 0

7.62

28.85

7.87

1 . 13

. 10

1 • 15

• 10

1 • 12

. 13

CSNC
CSARL
GRNC
GRARL
MKNC

PCARL
MPNC
MPARL
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TABLE 5
MEANS/STANDARD DEVIATIONS OF TOPGUN AND VIGS SUBJECTS ON ALL
APTS MEASURES (TRIAL 2)

APTS
MEASURES

OVERALL
(N = 40)
MEAN
SD

TOPGUN
(N = 20)
MEAN
SD

(N
MEAN

VIGS
= 2 0)
SD

NPTAP

33.85

8.79

36.18

7.37

32.48

9.07

TFTAP

36.55

7.77

39.43

7.99

35.33

7.70

RTARL

.49

.08

.46

.04

. 51

.07

51 . 7 0

7.49

52.35

8.06

51 . 7 0

6.68

2.07

.29

2.06

.29

2.04

.28

27.25

6.67

28.45

7.47

27.65

5. 51

3.59

.93

3.46

.89

3.52

. 61

60.33

10.02

5 7. 1 0

10.37

62.65

9.63

1 . 67

.36

1. 81

.44

1 . 58

.29

84.75

1 1 . 91

80.45

12.79

84.25

11 . 2 9

1 . 04

.22

1 . 12

.24

1 . 05

. 21

31 . 8 7

6.93

3 1 . 15

7.92

30.85

6.68

1 . 10

. 11

1 . 13

.07

1 . 08

. 14

CSNC
CSARL
GRNC
GRARL
MKNC
MKARL

PCNC
PCARL
MPNC
MPARL
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TABLE 6
MEANS/STANDARD DEVIATIONS OF TOPGUN AND VIGS SUBJECTS ON ALL
APTS MEASURES (TRIAL 3)

APTS
MEASURES

OVERALL
(N = 40)
SD
MEAN

TOPGUN
(N = 20)
MEAN
SD

VIGS
(N = 20)
MEAN
SD

NPTAP

34.49

7.90

36.80

7.40

33.35

8.06

TFTAP

36.07

6.79

37.85

5.00

35.80

6.66

RTARL

.47

. 10

.45

.04

.49

.07

5 5. 1 7

9.25

55.90

9. 1 2

55.30

9.52

1 . 96

. 31

1. 95

.28

1 . 93

.32

30.03

6.74

3 1 . 15

8. 1 3

29.95

5.86

3.28

.73

3.26

.90

3.32

.73

65.53

9.80

64.05

9.80

66.50

9.21

1 . 50

.27

1 . 57

.29

1 . 45

.23

87.27

1 2. 91

83.00

16.30

86.60

10.08

1. 00

.20

1 . 09

.27

.99

. 15

34.59

7.20

34.05

5.82

33.90

7.88

1 . 09

. 11

1 . 10

.09

1 . 09

. 11

CSNC
CSARL
GRNC
GRARL
MKNC
MKARL
PCNC
PCARL
MPNC
MPARL
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TABLE 7
MEANS/STANDARD DEVIATIONS OF PERFORMANCE MEASURES ON TOPGUN
PER TRIAL

TOPGUN
MEASURES

TRIAL 1
(N = 1 9 )
MEAN
SD

TRIAL 2
(N = 20)
MEAN
SD

TRIAL 3
(N = 20)
MEAN
SD

TGELAVE

.56

.54

. 51

. 41

.48

.36

.49

.40

TGAZAVE

. 55

.85

.48

.64

.48

.59

.45

.57

TGTFIRE

5.01

2.48

3.94

1 . 73

3.96

1. 85

3.73

1 . 77

TGTKILL

4.57

3.31

4.27

2.33

4.22

2.34

4. 1 7

2.25

TGSCORE:
Mean
(SD)

TRIAL 4
(N = 20)
MEAN
SD

2594.74

2935.00

2950.00

3015.00

368.89

194.73

173.21

185.03

TGPC

76.56

1 1 . 82

86.37

6.92

86.52

5.25

88.64

5. 1 0

TGGI

63.73

6.27

7 3. 1 1

5.93

73.65

6. 1 5

76.76

8.59
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TABLE 8
MEANS/STANDARD DEVIATIONS OF PERFORMANCE MEASURES ON VIGS
PER TRIAL

VIGS
MEASURES

TRIAL 1
(N = 20)
MEAN
SD

VELAVE

.68

VAZAVE

1 . 72

VTFIRE

11 . 59

VTKILL

8.01

VSCORE:
Mean

TRIAL 2
(N = 20)
MEAN
SD

TRIAL 3
(N = 20)
MEAN
SD

TRIAL 4
(N = 20)
MEAN
SD

.95

.so

.62

. 51

.60

.44

.42

1. 90

1 . 55

1 . 61

1 . 50

1 . 64

1 . 32

1 . 47

5.80 10.66

5. 1 2

10.36

4.66

1 0. 2 1

4.67

8.29

6.55

8.55

6.21

8.45

5.63

7.44

1686.95

1958.05

2029.15

2147.25

232.75

148.30

197.42

173.82

(SD)
VPC

64.05

8.28

71 . 22

5.90

74.46

8.43

77.97

8.38

VGI

67.04

6.76

73.72

6.24

74.05

6.82

79.15

7.98
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Stability of Means
In order to graphically depict the degree of
stabilization of group means for APTS, TOPGUN, and VIGS,
line graphs of those means are presented by trial in Figures
1-11. From inspection of those figures,

several trends are

evident.
All APTS subtests show good stability across
trials for Average Response Latency, Number Correct, and
Tapping measures. This is shown in Figures 1-6 and is in
line with prior expectations, since the APTS tests claim to
measure abilities that are fairly constant and enduring.
However, for the individual measures of gunnery
performance, Time to Fire, Time to Kill, Azimuth Error,
Elevation Error, and Hit Percentage, Figures 7-10 indicate
that there is definite learning taking place across Trials.
Time to Fire and Kill seem to have stabilized fairly well
for both TOPGUN and VIGS by Trial 2 (Figure 8). However,
Azimuth and Elevation Error scores for TOPGUN and especially
VIGS show questionable curve plateaus, indicating that by
Trial 4 some learning was still occurring. Hit Percentage
for both TOPGUN and VIGS never seemed to stabilize very
well, with VIGS showing continued ·1earning through Trial 4.
For the composite global performance scores (SCORE), both
TOPGUN and VIGS evidenced marginal stability by Trial 4, as
can be seen from Figure 10.
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Figure 1. Average NC (Number Correct) APTS Measures for
TOPGUN Subjects Across Trials.
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Figure 2. Average ARL (Average Response Latency) APTS
Measures for TOPGUN Subjects Across Trials.
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Subjects Across Trials.
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Subjects Across Trials.
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However, in order to more accurately gauge the
stability of the APTS, TOPGUN, and VIGS performance
measures, it is necessary to examine the intertrial
correlations for those measures.
Utilizing the procedure for derivation of the Gunnery
Index described earlier in this paper, Gunnery Index values
were calculated for each subject's first four trials on
VIGS, and first four trials on TOPGUN (except for Subject
30, who had no Trial 1 TOPGUN data). These values are listed
in Tables 9 and 10. From these results, it can be seen that
subjects generally show an increase in Gunnery Index values
across trials, which is attributable to learning. A
graphical depiction of these learning trends was presented
in Figure 11, where it can be seen that mean Gunnery Index
values stabilized fairly well by Trial 4.
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TABLE 9
GUNNERY INDICES FOR TOPGUN GROUP PER TRIAL, N = 20
SUBJECT
21
23
25
29
30
33
34
37
40
41
43
44
45
48
49
50
54
55
57
59

TRIAL 1
57.22
64.23
60.15
65.61

N/A
54.78
69.60
67.37
58.06
61 . 72
71 . 69
63.04
61 . 84
68.93
66.74
57.51
57.59
74.93
77.93
51 . 96

TRIAL 2
62.92
70.91
65.94 ·
73.67
85.98
63.55
72.86
7 9. 1 5
68.79
71 . 64
72.30
69.75
67.34
82.12
70.82
73.40
70.33
82.29
80.91
77.43

TRIAL 3

TRIAL 4

69.35
63.67
72.38
73.68
86.05
62.25
67.80
81 . 0 0
73.28
66.36
71 . 52
62.52
71 . 24
84.08
78.05
73.86
79.26
79.11
80.90
76.56

77.41
67.47
79.94
77.78
87.67
63.39
80.28
78.33
70.90
6 7. 1 4
65.62
66.57
67.32
83.91
81 . 3 0
80.20
78.27
88.31
86.55
86.89
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TABLE 10
GUNNERY INDICES FOR VIGS GROUP PER TRIAL, N = 20
SUBJECT
22
24
26
27
28
31
32
35
36
38
39
42
46
47
51
52
53
56
58
60

TRIAL 1

TRIAL 2

TRIAL 3

TRIAL 4

71 . 1 2
66.77
61 . 83
67.16
73.94
73.98
61 . 42
7 5. 1 5
76.93
59.34
61 . 1 2
58.79
63.19
67.18
69.86
55.75
72.88
67.46
75.54
61 . 33

75.29
74.89
81 . 86
70.94
80.34
74.25
74.51
82.61
87.43
67.59
70.48
62.95
72.09
68.24
70.93
77.43
76.61
70.90
66.82
68. 1 7

75.79
65.04
71.32
86.27
78.48
74.36
76.32
72.34
80.54
7 0. 1 8
71 . 48
74.36
71.53
79.40
84.51
64.15
76.99
65.23
77.74
65.04

82.69
65.34
83.12
89.01
81.08
80.26
82.92
82.77
92.52
83.93
80.08
59.90
70.16
76.40
88.44
74.71
87.98
84.81
71 • 4 7
65.30
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Figure 11. Average Gunnery Index Values for TOPGUN and VIGS
Subjects Across Trials.

60
Differential Stability
Differential stability has been described as the
determination of the number of trials that are needed for
the trial-to-trial intercorrelations to stabilize.
Inspection of the trial-to-trial intercorrelations and
estimation of the trial of stability for each test's
performance measures has implications for the stability and
potential reliability of those measures (Jones, 1980; Jones
et al., 1981 ). There.fore, trial-to-trial intercorrelations
were obtained for the APTS, TOPGUN, and VIGS performance
measures.
Trial-to-trial intercorrelations for APTS, TOPGUN and
VIGS may be found in Tables 11-14. For APTS, N = 59, which
indicates that the figures were taken from the extended
experiment, with one subject's data not usable. TOPGUN N =
20, except for Trial 1 data, for which one subject's data
was unusable. For VIGS, N = 20. As can be seen in Tables 11
and 12, the APTS intertrial correlations are all highly
significant(£< .001 ), thus supporting the earlier findings
of APTS stability and reliability (Kennedy et al., 1985,
1987; Tabler et al., 1987; Turnage et al., 1987, 1988).
Likewise, as shown in Table 13, intertrial correlations for
TOPGUN Opening Time (Time to Fire) and Time to Kill measures
are highly significant(£< .001 ). Azimuth and Elevation
Error intercorrelations, however, have only sporadic
significant intercorrelations, which is in line with
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Witmer's (1987) findings concerning unreliability of VIGS'
Azimuth and Elevation Errors. As shown in Table 14 for VIGS,
also, most intercorrelations are significant for Opening
Time and Time to Kill; however, Azimuth and Elevation Errors
show a distinct lack of reliability.
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TABLE 11
INTERTRIAL CORRELATIONS OF APTS PERFORMANCE MEASURES (NPT,
TFT, CSNC, CSARL, GRNC, GRARL, RTARL), N = 59
NPTAPl
NPTAPl 1.00
NPTAP2
NPTAP3

NPTAP2

NPTAP3

.76**
1.00

TFTAPl

1 • 00

1 • 00

1 • 00

CSNC2
.75**
1 • 00

CSNC3

. 72**
.77**

CSARLl

CSARL2

CSARL3

.69**
.76**
1 • 00

CSARLl
CSARL2
CSARL3

.69**

1 • 00

1 • 00

.64**
.74**
1 • 00

GRNC1
1• 00

GRNC2
.65**
1 •00

GRNC3

GRARL1

GRARL2

GRARL3

.62**
.77**
1 • 00

GRARL1
GRARL2
GRARL3

1• 00·

.69**
1• 00

.64**
.81**
1 •00

RTARLl
RTARL1
RTARL2
RTARL3

. 80**
1.00

1 • 00

CSNCl

GRNCl
GRNC2
GRNC3

TFTAP3

.64**
.88**

TFTAPl
TFTAP2
TFTAP3

CSNC1
CSNC2
CSNC3

TFTAP2

1.00

RTARL2
.90**
1 • 00

1-tailed Significance:

RTARL3
.93**
.93**
1 • 00

* .2. < .01

** .2. < .001
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TABLE 12
INTERTRIAL CORRELATIONS OF APTS PERFORMANCE MEASURES
(MKNC, MKARL, PCNC, PCARL, MPNC, MPARL), N = 59
MKNC1
MKNC 1
MKNC2
MKNC3

1 . 00

MKNC2
.85**
1.00

MKNC3

MKARL3

1 • 00

.89**
1.00

1 • 00

.79**
.89**
1 •00

PCNC1
1• 00

PCNC2
.85**
1 • 00

PCNC3

PCARL1

PCARL2

PCARL3

.75**
.84**
1•00

PCARL1
PCARL2
PCARL3

.87**

1 • 00

1 • 00

.79**
.85**
1 • 00

MPNC1
MPNC1
MPNC2
MPNC3

MKARL2

.78**
.86**

MKARL1
MKARL2
MKARL3

PCNC1
PCNC2
PCNC3

MKARL1

1• 00

MPNC2
.70**
1 • 00

MPNC3

MPARL1

MPARL3

.67**
.66**
1 • 00

MPARL1
MPARL2
MPARL3

1-tailed Significance:

MPARL2

1 • 00

.67**
1• 00

. 51 * *
.66**
1 • 00

* Q < .01

** Q < .001
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TABLE 13
INTERTRIAL CORRELATIONS OF TOPGUN PERFORMANCE MEASURES,
N = 20*
TFIRE1 TFIRE2 TFIRE3 TFIRE4 TKILL1 TKILL2 TKILL3 TKILL4
TFIRE1 1. 00
TFIRE2
TFIRE3
TFIRE4

.81**
1• 00

.71**
.81**
1 • 00

.65*
.82**
.81**
1•00

TKILL1
TKILL2
TKILL3
TKILL4

1.00

.84**
1 .oo

.71** .62*
.81** .80**
1.00
.79**
1 • 00

AZAVE1 AZAVE2 AZAVE3 AZAVE4 ELAVE1 ELAVE2 ELAVE3 ELAVE4
AZAVE1 1 . 0 0
AZAVE2
AZAVE3
AZAVE4

.34
1 . 00

.46
-.03
.76** .43
1 . 00
.66*
1 . 00
1 . 00

ELAVE1
ELAVE2
ELAVE3
ELAVE4
TPC1
TPC1
TPC2
TPC3
TPC4
SCORE1
SCORE2
SCORE3
SCORE4

1 . 00

TPC2

TPC3

.so

.48
.59*
1 . 00

1 . 00

TPC4

. 14
1 . 00

. 51
.38
1 . 00

. 21
.37
.43
1 . 00

SCORE1 SCORE2 SCORE3 SCORE4

. 15
.35
.35
1 . 00
1 . 00

.49
1 . 00

. 19
.53*
1 . 00

.22
. 16
.46
1 . 00
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TABLE 13 -- CONTINUED
TGGI1
TGG I 1
TGGI2
TGGI3
TGGI4

1 . 00

TGGI2
. 62*
1.00

TGGI3

TGGI4

.36
.76**
1.00

.29
.69**
.79**

1-tailed Significance:

1 • 00

* J2. < .01

** J2. < .001
= 19

* Except for correlations with Trial 1, where N
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TABLE 14
INTERTRIAL CORRELATIONS OF VIGS PERFORMANCE MEASURES,
N = 20*

_/

TFIRE1 TFIRE2 TFIRE3 TFIRE4 TKILL1 TKILL2 TKILL3 TKILL4
VTFIRE1 1 . 0 0
VTFIRE2
VTFIRE3
VTFIRE4

.52*
1 • 00

.22
• 15
1 . 00

.54*
.55*
.30
1 . 00

VTKILL1
VTKILL2
VTKILL3
VTKILL4

1 . 00

.54*
1 . 00

.22
. 21
1 . 00

.52*
.54*
.20
1.00

AZAVE1 AZAVE2 AZAVE3 AZAVE4 ELAVE1 ELAVE2 ELAVE3 ELAVE4
AZAVE1
AZAVE2
AZAVE3
AZAVE4

1 . 00

.57*
1 . 00

-.09
-.23
1 . 00

-.22
- . 13
.45
1 . 00

ELAVE1
ELAVE2
ELAVE3
ELAVE4

1 . 00

VPC1
VPC1
VPC2
VPC3
VPC4
SCORE1
SCORE2
SCORE3
SCORE4

1 . 00

VPC2
.54*
1 . 00

VPC3
. 18
. 11
1 . 00

VPC4

. 17
1 . 00

.08
.03
1 . 00

.34
-.20
.39
1.00

SCORE1 SCORE2 SCORE3 SCORE4

.37
.47
.46
1 • 00
l.00

.35
1 . 00

.35
.35
1. 00

.37
.76**
.52*
1 . 00
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TABLE 1 4 -- CONTINUED

VGI1
VGI2
VGI3
VGI4

VGI1

VGI2

VGI3

1 . 00

.42
1 . 00

.so

1-tailed Significance:

.OS
1 . 00

VGI4
.42
.52*

.so

1 . 00
* .2. < . 0 1

** .2. < .001
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One particular finding of interest concerns the
comparatively low intercorrelations between Trials 2 and 3
for VIGS scores. This may be due to the fact that there was
a 24 hour break between these trials, whereas the other
adjacent trials were only separated by approximately 10-15
minutes. This extended break could have contributed to the
need for some subjects to have a "warmup period" on VIGS, so
that their performance on Trial 3 did not show continued
improvement, while other subjects' performances improved
steadily across trials. It is important to note, however,
that no such finding was observed for TOPGUN. This could be
due to the fact that TOPGUN engagements were generally
perceived as less difficult by the subjects (from opinion
questionnaires), so that less differential skill decrement
is observed between Trials 2 and 3.
Using the objective procedure for determination of the
trial of stability described in Turnage, Kennedy, Osteen,
and Tabler (1988), estimates were made concerning each
test's trial of stability (i.e., that point at which the
intertrial intercorrelations plateau), and "estimated stable
test reliability" (the average intercorrelation for all
trial comparisons including and following the trial of
stability)(Tabler, Turnage,

&

Kennedy, 1987). The first step

taken to estimate trial of stability and stable test
reliability was to average all intertrial intercorrelations
for each trial; then, a subjective determination was made of
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the point at which those figures reached a plateau (trial of
stability). Then, the average of the average intertrial
intercorrelations including and following the trial of
stability was obtained (estimated stable test reliability).
Not only did this aid inspection of the data, but valuable
information was gained concerning the number of trials
required for TOPGUN and VIGS performance measures to
stabilize (information which was not otherwise available).
Estimated reliability (the average of all intertrial
correlations per performance measure) and estimated stable
test reliability figures are presented in Table 15.

As can

be seen, the APTS' tests show quite high reliability, the
lowest being Math Processing Average Response Latency (r

=

.61 ). In contrast, however, TOPGUN scores' reliabilities are
somewhat lower, with three scores (ELAVE, PC, and SCORE)
failing to stabilize. Perhaps the worst reliabilities,
however, are exhibited by VIGS, with only the SCORE measure
stabilizing. This poor showing may be due to the difficulty
of the task, or to device error, about which more will be
said in the discussion section of this paper.
It is readily established that the longer the test, the
more reliable it will become (Nunnally, 1978). Since, in the
current study, the amount of data points included in the
APTS tests was not at all equal to the number of data points
included in the simulator trials, reliability scores were
adjusted to a common base, using the Spearman-Brown formula
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(Guilford, 1954, p. 354). However, due to the immense
difference in data points gathered per trial (VIGS, 151 data
points per trial; TOPGUN, 139 data points per trial; and
APTS, 13 data points per trial), the adjusted reliabilities
were either immensely inflated or shrunken, so as to be
unrepresentative. For that reason, only the unadjusted
reliabilities are included here.
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TABLE 15
ESTIMATED RELIABILITIES AND ESTIMATED STABLE RELIABILITIES
FOR APTS*, TOPGUN, AND VIGS+
EST. REL.

APTS

APTS

EST. REL .

NPTAP

. 76 (2)

TFTAP

.76 (2)

CSNC

.73 (2)

CSARL

.69 (2)

GRNC

.68 (2)

GRARL

.71

MKNC

.83 (2)

MKARL

.86 (2)

PCNC

.81

(2)

PCARL

.84 (2)

MPNC

.68 (2)

MPARL

.61

RTARL

.92 (2)

TOPGUN EST. REL.

EST. S. REL. VIGS EST. REL.

(2)

(2)

EST. S. REL.

TFIRE

.80

.81

(2)

TFIRE

.34

n/a

TKILL

.78

.80 (2)

TKILL

.30

n/a

AZAVE

.57

.64 (2)

AZAVE

• 18

n/a

ELAVE

.39

n/a

ELAVE

.20

n/a

PC

.40

n/a

PC

.39

n/a

SCORE

.39

n/a

SCORE

.so

.53 (3)

TGGI

• 71

.77 (2)

VGI

.42

n/a

* Due to the nature of APTS administration (only 3 trials),
estimated stable test reliability figures are identical to
estimated reliability figures, and thus are not included in
this table.
+ Trials of stability are included in parantheses ( ); if a
measure did not stabilize, it is indicated as "n/a".
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Cross-Measure Correlations

APTS
To determine the degree to which individual tests from
the APTS battery share common variance and thus can be
considered redundant, a cross-task intercorrelation matrix
was constructed, which shows the degree of correlation
between each test's trial of stability. The matrix presented
in Table 16 represents the cross-task correlations for APTS
across all subjects (both TOPGUN and VIGS groups). Low
resultant correlations indicate relative independence of
tests (Tabler et al., 1987; Kennedy et al., 1987; Turnage et
al., 1988).
As can be clearly seen, there are many highly
significant correlations <2 < .001 ). This is somewhat
predictable, for the following reasons: 1) the nature of the
two basic measures, Number Correct and Average Response
Latency, is such that they should be negatively correlated
(high scores on Number Correct being indicative of good
performance while high scores on Average Response Latency
being indicative of poor performance). 2) Also, since many
of the tests within the APTS battery purport to measure the
same abilities, it -is reasonable to expect some strong
correlations between those tests. 3) Finally, correlations
between similar measures (i.e., Number Correct with Number
Correct and/or Average Response Latency with Average
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Response Latency) should prove fairly high, especially among
tests of similar abilities.
This indeed has proven to be the case. Virtually all
correlations which are significant, whether at the 2 < .01
or at the 2 < .001 level, are in line with the trends
explained above. The three significant correlations which do
not conform to this pattern involve the Non-preferred and
Two-fingered Tapping scores. However, even those
correlations were in line with logical expectations (number
of alternate taps was expected to be negatively correlated
with Average Response Latency scores for Reaction Time,
which it is; also, the two Tapping scores are significantly
correlated[£< .001], alluding to their similarity of
measure).
Generally low cross-correlations were observed for both
Tapping tests (Non-preferred and Two-fingered). Also, both
Grammatical Reasoning and Reaction Time tests exhibited low
cross-correlations with other tests across measures (NC and
ARL). The only significant Grammatical Reasoning
correlations were found with Manikin, which is in line with
previous findings (Kennedy et al., 1988). Low correlations
may be indicative of either independence of measure, or of
inherent low reliability of measures. However, since
measures are reliable, the logical interpretation would be
that of independence.
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TABLE 16
CROSS-MEASURE CORRELATIONS BETWEEN APTS SCORES,
N = 40
NPTAP
NPTAP
TFTAP
RTARL
CSNC
CSARL
GRNC
GRARL
MKNC
MKARL
PCNC
PCARL
MPNC
MPARL

MKNC
MKARL
PCNC
PCARL
MPNC
MPARL

1 • 00

TFTAP

RTARL

.51**

-.43*
.39*
-.10
.20
1.00 -.42*

1• 00

CSNC

1 • 00

CSARL

GRNC

GRARL

-.36
.34
-.14
.26
.42* -.23
-.97** .23
1.00
-.27

-.34
- • 19

.34
-.24
.28
-.91**

1 • 00

1 • 00

.22

-.43*
.37*

- • 18

- • 11
• 15
•21
- • 17

.20
- . 14

.07
.07

MKNC

MKARL

1• 00

-.96**
.52**
1.00
-.58**

- • 13

.23

1-tailed Significance:

- • 16
• 13

-.31
.03
PCNC

1 • 00

-.54**
.44* - . 54**
.45
-.40*
.48** -.43*
.55**
-.28
.SO** -.51**
.28
.32
-.39*
.41* -.29
-.26
.62** -.59**
.19
-.17
.17
-.28
.32
PCARL

MPNC

-.53**
.61**
-.97**

.46*
-.46*
.30
-.27

1• 00

1• 00

MPARL

-.23
.30
-.43*
. 51 * *
-.32
1 • 00

*

£ < .01

** £ < .001
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TABLE 17
CROSS-MEASURE CORRELATIONS BETWEEN TOPGUN SCORES, N=19
TGAZAVE TGELAVE TGTFIRE TGTKILL TGSCORE TGPC TGGI
TGAZAVE
TGELAVE
TGTFIRE
TGTKILL
TGSCORE
TGPC
TGGI

1 . 00

.so
1 . 00

1-tailed Significance:

-.so
-.36
1 . 00

-.53*
-.38
.99**
1 . 00

* .2. < . 01

.02
-.03
-.35
-.34
1. 00

.32
.08
-.08
. 05
-.06 -.83**
-.05 -.81**
.88** .62*
1 . 00
.37
1 . 00

** .2. < .001

TABLE 18
CROSS-MEASURE CORRELATIONS BETWEEN VIGS SCORES, N=20

VAZAVE
VELAVE
VTFIRE
VTKILL
VSCORE
VPC
VGI

VAZAVE VELAVE VTFIRE

VTKILL

1 . 00

-.09
.49
.99**
1 . 00

- . 10
1 . 00

1-tailed Significance:

-.06
. 51
1 . 00

* .2. < . 0 1

VSCORE
- . 16
-.65**
-.55*
-.51*
1 . 00

VPC
-.25
-.56*
-.36
-.31
.91**
1 . 00

** .2. < .001

VGI
-.21
-.59*
-.41
-.37
.75**
.82**
1 . 00

76

TOPGUN
As shown in Table 17, there were 6 correlations within
the TOPGUN measures which were significant at the£< .01
level. First, Azimuth Error was negatively correlated with
Time to Kill, showing the expected speed-accuracy
relationship. Next, Time to Fire and Time to Kill were
positively correlated. This was expected, since the only
factor separating the two measures temporally is the flight
of the simulated round, which is very close to a constant
time figure. In future studies, it is recommended that both
measures (Time to Fire and Time to Kill) not be used
together, due to their redundant nature.
The third significant correlation within TOPGUN
measures was a positive correlation between SCORE and Hit
Percentage, indicating that similar behaviors are tapped by
both measures. Finally, three correlations involve the
Gunnery Index measure, showing that the Gunnery Index is
related to Time to Fire, Time to Kill and SCORE. Once again,
the redundancy between the two time measures is seen, as
well as the fact that the Gunnery Index is partly based upon
speed measures, such that the negative correlations are not
surprising.

VIGS
For VIGS, several significant cross-measure
correlations are seen. First, Elevation Error is negatively
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correlated with both SCORE and Hit Percentage, indicating
that low Elevation Errors are important for a high SCORE and
high Hit Percentage. Also, as with TOPGUN, Time to Fire and
Time to Kill are positively correlated, once again attesting
to their redundant nature. Both Time to Fire and Time to
Kill are negatively correlated with SCORE, which is
expected, since VIGS incorporates speed components in its
calculation of SCORE.
SCORE is positively related to Hit Percentage, which
affirms that SCORE is made up of not only speed but accuracy
components. Finally, the Gunnery Index is negatively
correlated with Elevation Error, and positively correlated
with both SCORE and Hit Percentage. The logic here is
identical to that for previous significant correlations
involving SCORE: since both SCORE and the Gunnery Index are
composite measures made up of speed and accuracy components,
it is expected that significant correlations should be
found.

Multivariate Analyses of Variance (MANOVAs)
The results obtained from the training programs
instituted on TOPGUN and VIGS were -broken into varying sight
modes (GPS, GAS, and TIS), target types (stationary or
moving) and trials (1-4), in order to assess whether any
difference in performance occurred as a function of these
variables, or as a function of interactions between
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combinations of these variables. Two separate 3 X 2 X 4
multivariate analyses of variance were conducted, one for
each device (TOPGUN and VIGS). Six performance scores were
included as dependent variables: Time to Fire, Time to Kill,
Azimuth Error, Elevation Error, Hit Percentage, and
Performance SCORE. Wilks Lambda values were used to
determine significance of MANOVA results, as given by the
SPSS-PC statistical program.
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TABLE 19
MANOVA SUMMARY TABLE
EFFECT

TOPGUN

WILKS

APP. F

HYP. OF

ERR. OF

SIG. OFF

s

X MX T

.95

1. 21

36

3998.85

.184

s

X M

.77

2 1 . 31

12

1820.00

.ooo

MX T

.99

.59

18

2574.35

. 91 1

s

• 91

2.36

36

3998.85

s

. 19

199.80

12

1820.00

M

.60

99.25

6

910.00

.ooo
.ooo
.ooo

T

.74

1 6. 1 6

18

2574.35

.000

X T
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TABLE 20
MANOVA SUMMARY TABLE
EFFECT

VIGS

WILKS

APP. F

HYP. OF

ERR. OF

SIG. OFF

s

X MX T

.96

.94

36

3950.55

.577

s

X M

.53

55.50

12

1798.00

.ooo

MX T

.98

1 . 05

18

2543.24

.397

S X T

.98

.57

36

3950.55

.982

s

.52

58.40

12

1798.00

.000

M

.39

230.72

6

899.00

.000

T

. 61

26.74

18

2543.24

.ooo
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The multivariate analyses of variance for TOPGUN and
VIGS showed that, for TOPGUN, there was no significant
three-way interaction for the grouped dependent variables;
nor was there a significant trial x movement interaction.
The univariate tests for TOPGUN confirmed this for each
dependent variable. For VIGS, multivariate analyses of
variance showed no significant three-way interaction; in
addition, the movement x trial and sight x trial
interactions for the grouped dependent variables were both
insignificant.
Since this section of this study is exploratory, and no
hypotheses were advanced concerning relative target/sight
mode difficulty or learning issues, it was decided that
further investigation of the data was warranted.
The summary results of the univariate ANOVAs following
the MANOVAs are detailed in Tables 21-32; for convenience,
the discussion of these results will include only those
comparisons which were found to be statistically
significant. Since there were no prior hypotheses, all
combinations of variables were tested for significance;
likewise, post hoc comparisons were conducted for all
possible combinations of treatment means. Due to the high
number of comparisons made (112), Dunn's multiple comparison
procedure for experimentwise error rate (Kirk, 1968) was
used to adjust the post hoc significance level. The
resultant significance level, corresponding to Q

=

.01, is Q

82
= .0001.

Only those post hoc comparisons which were

significant at this level are reported in Tables 21-32.
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TABLE 21
ANOVA SUMMARY TABLE FOR AZIMUTH ERROR - TOPGUN
SOURCE

DF

F

p LEVEL

INTERACTIONS:
Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,915
2,915
6,915
3,915

2.26
51 . 7 0
1 . 98
1 . 23

n.s.

2,915
1 , 91 5
3,915

47.84
435.62
2.09

.ooo
.ooo

n.s.

Movement
Stationary < Moving

1 , 938

343.30

.0000

Sights
Primary > Thermal
Primary > Secondary

1 , 621
1 , 620

30.24
29.28

.0000

.ooo

n.s.
n.s.

MAIN EFFECTS:
Sights
Movement
Trial
POST HOC COMPARISONS:

.0000
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TABLE 22
ANOVA SUMMARY TABLE FOR ELEVATION ERROR - TOPGUN

DF

SOURCE

F

p LEVEL

INTERACTIONS:

Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,915
2,915
6,915
3,915

.44
30.31
1 • 58
.24

2,915
1 , 91 5
3,915

1287.07
3.56
4.92

n.s.

1 , 621
1,620
1 , 634

14.59
1765.23
1518.95

.0000
.0000
.0000

n.s.

.ooo

n.s.
n.s.

MAIN EFFECTS:
Sights
Movement
Trial

.ooo
.002

POST HOC COMPARISONS:

Sights
Primary< Thermal
Primary< Secondary
Thermal< Secondary
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TABLE 23
ANOVA SUMMARY TABLE FOR TIME TO FIRE - TOPGUN
DF

SOURCE

p LEVEL

F

INTERACTIONS:
Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

n.s.
.000
n.s.
n.s.

6,915
2,915
6,915
3,915

26.90
2.55
.75

2,915
1 , 91 5
3,915

64.25
7.90
44.23

.000
.005

1 , 62 1
1 , 62 0
1 , 634

13.64
39.56
90.81

.0000
.0000
.0000

1 , 46 3

42.88
43.56
8 3. 11

.0000
.0000
.0000

1 . 88

MAIN EFFECTS:
Sights
Movement
Trial

.ooo

POST HOC COMPARISONS:
Sights
Primary> Thermal
Primary< Secondary
Thermal< Secondary
Trial
Trial
Trial
Trial

> Trial 2
> Trial 3
> Trial 4

1 , 463
1 , 464
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TABLE 24
ANOVA SUMMARY TABLE FOR TIME TO KILL - TOPGUN
DF

SOURCE

F

p LEVEL

INTERACTIONS:
Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,915
2,915
6,915
3,915

1.85
24.77
2.69
.62

n.s.
.000
n.s.
n.s.

2,915
1 , 91 5
3,915

94.70
7.09
43.53

.ooo

1,620
1,634

71.41
128.72

.0000
.0000

46 3
463
464

40.09
41 . 54
77.87

.0000
.0000
.0000

MAIN EFFECTS:
Sights
Movement
Trial

.008
.000

POST HOC COMPARISONS:
Sights
Primary< Secondary
Thermal< Secondary
Trial
Trial
Trial
Trial

> Trial 2
> Trial 3
> Trial 4

1,
1,
1,
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TABLE 25
ANOVA SUMMARY TABLE FOR HIT PERCENTAGE - TOPGUN

DF

SOURCE

p LEVEL

F

INTERACTIONS:
6,915
2,915
6,915
3,915

.92
13.00
6.01

n.s.

•31

n.s.

2,915
1 , 91 5
3,915

38.64
125.46
11 • 40

.000
.000
.000

Movement
Stationary> Moving

1,938

106.55

.0000

Sights
Primary> Secondary
Thermal> Secondary

1,620
1,634

22.99
70.18

.0000
.0000

1,464

19.15

.0000

Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

.ooo
.ooo

MAIN EFFECTS:
Sights
Movement
Trial
POST HOC COMPARISONS:

Trial
Trial 1 < Trial 4
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TABLE 26
ANOVA SUMMARY TABLE FOR SCORE - TOPGUN
OF

SOURCE

F

p LEVEL

INTERACTIONS:
Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,915
2,915
6,915
3,915

.02
.09
. 01
. 01

n.s.
n.s.
n.s.
n.s.

2,915
1 , 91 5
3,915

.04
. 01
81 . 88

n.s .
n.s.
.000

1 , 463
1 , 463
1 , 464

95.22
109.60
156.86

.0000
.0000
.0000

MAIN EFFECTS:
Sights
Movement
Trial
POST HOC COMPARISONS:
Trial
Trial
Trial
Trial

< Trial 2
< Trial 3
< Trial 4
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TABLE 27
ANOVA SUMMARY TABLE FOR AZIMUTH ERROR - VIGS
OF

SOURCE

F

p LEVEL

INTERACTIONS:
Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,904
2,904
6,904
3,904

.85
14.95
.20
.45

n.s.

2,904
1,904
3,904

.73
109.81
2.04

n.s .

1 , 92 7

110.25

.0000

.ooo

n.s.
n.s.

MAIN EFFECTS:
Sights
Movement
Trial

. ooo

n.s.

POST HOC COMPARISONS:
Movement
Stationary < Moving
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TABLE 28
ANOVA SUMMARY TABLE FOR ELEVATION ERROR - VIGS
DF

SOURCE

F

p LEVEL

INTERACTIONS:
Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,904
2,904
6,904
3,904

.26
1. 87
.23
.58

n.s.
n.s.
n.s.
n.s.

2,904
1,904
3,904

3.61
26.62
3.92

n.s.
.000
.009

1 , 92 7

25.25

.0000

MAIN EFFECTS:
Sights
Movement
Trial
POST HOC COMPARISONS
Movement
Stationary < Moving
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TABLE 29
ANOVA SUMMARY TABLE FOR TIME TO FIRE - VIGS
DF

SOURCE

F

p LEVEL

INTERACTIONS:

Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,904
2,904
6,904
3,904

87.75
.97
1• 80

n.s.
n.s.

2,904
1 , 904
3,904

114.34
13.60
7.84

.ooo
.ooo
.ooo

1,620
1,615

158.15
156.41

.0000
.0000

1 • 00

n.s.

.ooo

MAIN EFFECTS:
Sights
Movement
Trial
POST HOC COMPARISONS:

Sights
Primary< Thermal
Primary< Secondary
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TABLE 30
ANOVA SUMMARY TABLE FOR TIME TO KILL - VIGS

OF

SOURCE

F

p LEVEL

INTERACTIONS:
Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,904
2,904
6,904
3,904

.94
109.86
.85
2. 1 5

n.s.
n.s.

2,904
1 , 904
3,904

1 41 . 48
27.28
7.59

.ooo
.ooo
.ooo

Movement
Stationary < Moving

1 , 932

21 . 03

.0000

Sights
Primary < Thermal
Primary < Secondary

1,620
1 , 61 5

200.42
158.31

.0000
.0000

n.s.

.ooo

MAIN EFFECTS:
Sights
Movement
Trial
POST HOC COMPARISONS:
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TABLE 31
ANOVA SUMMARY TABLE FOR HIT PERCENTAGE - VIGS
SOURCE

DF

F

p LEVEL

INTERACTIONS:
Sights X
Sights X
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,904
2,904
6,904
3,904

1. 85
122.87
.87
1 . 13

2,904
1,904
3,904

9.43
757.12
15.46

.ooo

1 , 932

591.73

.0000

n.s.

.ooo

n.s.
n.s.

MAIN EFFECTS:
Sights
Movement
Trial

.000
.000

POST HOC COMPARISONS:
Movement
Stationary > Moving
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TABLE 32
ANOVA SUMMARY TABLE FOR SCORE - VIGS
SOURCE

DF

F

p LEVEL

INTERACTIONS:
Sights x
Sights x
Sights x
Movement

Movement x Trial
Movement
Trial
x Trial

6,904
2,904
6,904
3,904

.OS
.26

.OS
.06

n.s.
n.s.
n.s.
n.s.

MAIN EFFECTS:
Sights
Movement
Trial

2,904
1 , 904
3,904

.26
.86
181.56

n.s.
n.s.

1,463
1 , 4 61
1 , 468
1 , 463
1, 470
1,468

133.07
246.88
465.56
26.30
128.47
32.06

.0000
.0000
.0000
.0000
.0000
.0000

.ooo

POST HOC COMPARISONS:
Trial
Trial
Trial
Trial
Trial
Trial
Trial

1
1
2
2
3

<
<
<
<
<
<

Trial
Trial
Trial
Trial
Trial
Trial

2
3
4
3
4
4
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The following discussion will address results of those
ANOVAs in terms of each dependent variable, presenting
similarities across devices where applicable.

Azimuth Error
As is shown in Tables 21 and 27, ANOVA results for both
devices (TOPGUN and VIGS) indicate a sight x movement
interaction, implying that performance differed across
varying sight modes as a function of target movement. In
addition, both TOPGUN and VIGS results show a main effect
for target movement. Lastly, the TOPGUN results indicate a
main effect of sight mode, which suggests that performance
differed with regard to the particular sight mode used.
As stated before, all post hoc comparisons were
conducted using a reduced alpha level. Post hoc comparisons
for TOPGUN (Table 21) indicated three significant effects.
Two of the effects found were somewhat unexpected;
specifically, performance in the primary mode was
significantly worse in terms of Azimuth Errors than
performance in either the thermal or secondary modes. This
was surprising for two reasons: 1) thermal engagements
involve many of the same gunner behaviors as primary
engagements; and 2) even more unexpected was the primarysecondary relationship, since behaviors required in the
secondary mode are somewhat more complex (manual estimation
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of Elevation and Azimuth, for example). The third effect was
not as surprising: for target movement, performance as
indicated by Azimuth Error was better for stationary targets
than for moving targets. Since stationary targets are easier
to engage than moving targets, this finding was expected.
The relationship between Azimuth Error and target
movement was confirmed by the post hoc comparisons on VIGS
as well (Table 27), with stationary target engagements
showing significantly less Azimuth Error than moving
targets.

Elevation Error
ANOVA results for Elevation Error are summarized in
Tables 22 and 28. TOPGUN results indicate that there was a
sight x movement interaction, once again implying that
performance in varying sight modes was influenced by target
movement. In addition, TOPGUN results indicate main effects
for both sight mode and trial. Interestingly, none of the
TOPGUN Elevation Error results were replicated for Elevation
Error on VIGS; rather, the only significant finding was a
main effect of target movement, indicating that Elevation
Errors differed as a function of target movement.
Since the nature of Elevation and Azimuth Error scores
are similar (both are visual angle error scores from target
center of mass), one might expect the post hoc findings for
Azimuth and Elevation Error to be similar; yet, this was not
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the case. For TOPGUN, post hoc comparison results within
sight modes followed traditional paths (Table 22).
Specifically, both primary mode and thermal mode engagements
showed less Elevation Error than secondary modes
engagements; also, primary mode engagement performance was
better than thermal mode performance. Therefore, a continuum
of elevation difficulty may be assumed, from primary (least
difficult) to secondary (most difficult).
For VIGS, Elevation Error post hoc comparisons showed
only one significant effect (Table 28). Once again,
stationary target performance led to less error than moving
target performance, attesting to the relation of target
movement to relative difficulty.

Time To Fire
ANOVA results for Time to Fire may be found in Tables
23 and 29, and are identical for both TOPGUN and VIGS.
Specifically, there was one interaction found for both
devices and three main effects. The interaction common to
both TOPGUN and VIGS Time to Fire is that of sights x
movement. Main effects of all three variables (sight mode,
target movement, and trial) were observed in both devices as
well, suggesting that performance on TOPGUN and VIGS Time to
Fire varies with differing levels of these variables.
Post hoc comparisons conducted on TOPGUN Time to Fire
data highlighted six significant effects (Table 23), three
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of which involved sight mode comparisons. First, contrary to
expectations, primary engagements showed a longer Time to
Fire than thermal engagements. Since, as noted before, the
gunner behaviors between the two sight modes do not differ
significantly, this result was unexpected. The other two
sight mode effects showed that secondary mode engagement
performances were worse than either primary or thermal
engagements.
The last three significant effects were found for the
trial variable; specifically, a significant learning effect
was found, where Trial 1 performance was significantly worse
than Trial 2, 3 or 4 performances. For VIGS, Time to Fire
post hoc comparisons indicated two sight mode effects,
namely that primary mode engagements had significantly
faster Times to Fire than either thermal or secondary modes
(Table 29).

Time to Kill
The summary data for Time to Kill (see Tables 24 and
30) mirror that for Time to Fire, both on TOPGUN and VIGS.
Once again, the one significant interaction, sight x
movement, was repeated, while the same three signicant main
effects observed for Time to Fire were seen in the Time to
Kill data for TOPGUN and VIGS as well. This is a definite
indication of the similarity of the two measures.
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TOPGUN post hoc comparisons for Time to Kill indicated
five significant effects (Table 24). Sight mode effects
mirrored the obtained TOPGUN results for Time to Fire;
primary and thermal engagements both had faster Times to
Kill than secondary engagements. The final three significant
effects, relating to the trial variable, once again show the
learning effect alluded to earlier for TOPGUN Time to Fire,
where Times to Kill are significantly slower for Trial 1
than for Trial 2, 3, or 4.
VIGS post hoc comparisons indicated three significant
effects: first, there was a significant target movement
effect, such that engagements for stationary targets had
lower Times to Kill than moving targets. One might expect
such an effect for all speed measures due to relative
difficulty of tracking moving targets; however, Time to Kill
for VIGS was the only measure for which this was the case.
The other two significant differences involved sight modes,
echoing the effects found for TOPGUN Time to Fire. Once
again, primary engagement performances showed lower Times to
Kill than either thermal or secondary engagement
performances (Table 30).

Hit Percentage
The results of the ANOVAs with Hit Percentage as a
dependent variable can be found in Tables 25 and 31,
repeating once again the trends seen in the other dependent
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variables. TOPGUN and VIGS results are nearly identical,
with TOPGUN data showing an additional significant
interaction over VIGS. That interaction suggests that
performance (as measured by Hit Percentage) varies over
trials as a function of the particular sight mode used.
Other than that one difference between the two devices, all
other ANOVA findings for Hit Percentage are shared,
including significant main effects for sight mode, target
movement, and trial.
Post hoc comparisons for TOPGUN Hit Percentage were all
very predictable (Table 25). Significant effects were
observed for all three variables (sight mode, target
movement, and trial). Specifically, primary and thermal mode
Hit Percentages were both higher than secondary mode Hit
Percentages. This result confirms the results for TOPGUN
Elevation post hoc comparisons, but not Azimuth. The next
significant comparison showed higher Hit Percentages for
stationary targets than for moving. Finally, the last TOPGUN
effect showed a learning effect, with Hit Percentage
increasing from Trial 1 to Trial 4.
For VIGS, post hoc comparisons showed only one
significant result (Table 31 ). Curiously, there were no
significant results relating to either sight mode used or
trial; however, stationary targets once again led to higher
Hit Percentages than moving targets.
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Performance SCORE
The summary ANOVA data for TOPGUN and VIGS performance
SCORE results is detailed in Tables 26 and 32, respectively.
For both devices, the only statistically significant results
manifest themselves in the form of a significant main effect
for trial.
For TOPGUN, the post hoc comparisons which were
significant indicated the same form of learning curve as the
other significant trial comparisons for other dependent
variables (Table 26). Namely, performance SCORES for Trial
were significantly lower than for Trials 2, 3, or 4. This
finding, combined with the fact that there were no
significant differences between Trials 2, 3, and 4 indicate
that SCORE stabilized relatively well after Trial 2.
VIGS' comparisons for trial showed the same trend as
TOPGUN comparisons, · with SCORE performances improving over
trials. However, whereas TOPGUN results only showed an
improvement from Trial 1 to other trials, VIGS results
showed learning effects between all possible combinations of
the Trial variable. This indicates that significant learning
was still occurring by Trial 4 (Table 32).

APTS Correlations with Simulator Scores
To determine which APTS tests and measures are most
predictive of tank gunnery performance, correlation matrices
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were completed between the APTS subtests and TOPGUN and VIGS
measures. Separate APTS-simulator correlations were
calculated for TOPGUN subjects (N = 19) and VIGS subjects (N
=

20). Due to the small number of subjects used, the

correlations listed should be viewed with caution, since the
chances of finding significant correlations by chance
increases with smaller sample sizes. Correlational matrices
are presented in Tables 33 and 34 for the APTS measures of
Average Response Latency and Number Correct (number of
alternate taps). It was hypothesized that the Manikin,
Pattern Comparison, and Four-Choice Reaction Time subtests
would be the best predictors of tank gunnery simulator
performance, measurable by significant correlations.
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TABLE 33
CORRELATIONS OF VIGS MEASURES (AVERAGED ACROSS TRIALS 1-4)
WITH APTS MEASURES (AVERAGED ACROSS TRIALS 1-3), N = 20
VELAVE

VAZAVE

CSNC

-.45

-.26

GRNC

- . 11

PCNC

VTFIRE

VTKILL

VSCORE

VPC

VGI

- . 16

- . 16

.52*

.33

.28

.27

-.28

-.33

• 11

- . 13

- . 13

-.34

.03

-.22

-.22

.03

.02

.02

MKNC

-.45

.25

-.51

-.54*

.42

. 12

.08

MPNC

- . 16

- . 12

-.02

-.02

.47

. 31

.26

NPTAP

-.48

.33

-.22

-.22

.32

. 15

. 01

TFTAP

-.28

- . 14

-.09

-.09

.24

.23

. 14

CSARL

.42

.26

.25

.27

-.so

-.27

- . 19

GRARL

. 10

-.24

.07

. 14

-.02

.22

.20

PCARL

.27

- . 11

. 11

. 11

. 10

. 10

.09

MKARL

.42

-.22

.46

. 51

-.40

- . 11

- . 10

MPARL

- . 14

-.41

- . 18

- . 18

.29

.27

. 16

RTARL

.30

. 14

. 14

. 14

-.37

-.28

-.24

1-tailed Significance:

* .2. < . 0 1

* * .2. < .001

From Tables 33 and 34, it can be seen that, among the
APTS subtests, the only ones that are significantly
correlated

(.2_

< .01 ·) with measures of VIGS tank gunnery are

Code Substitution Number Correct (with viGs SCORE) and
Manikin Number Correct (with VIGS Time to Kill).
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There are two significant APTS-TOPGUN correlations,
both of which include Simultaneous Pattern Comparison and
the TOPGUN Gunnery Index. Pattern Comparison (Number
Correct) is positively correlated with the Gunnery Index,
while the TOPGUN Gunnery Index and Pattern Comparison
TABLE 34
CORRELATIONS OF TOPGUN MEASURES (AVERAGED ACROSS
TRIALS 1-4) WITH APTS MEASURES (AVERAGED ACROSS
TRIALS 1-3), N = 19
TGELAVE TGAZAVE TGTFIRE TGTKILL TGSCORE

TGPC

TGGI

CSNC

. 40

.30

- • 10

- • 11

.04

-.03

.29

GRNC

-.16

-.06

•01

•01

-.04

-.21

.05

PCNC

.02

.22

-.42

-.43

• 18

-.01

.54*

MKNC

.07

• 13

-.29

-.29

.09

-.05

.38

MPNC

-.17

- • 16

-.26

-.24

.03

-.06

.44

NPTAP

.09

.09

• 13

• 11

-.20

-.25

-.09

TFTAP

.10

-.05

- • 13

- • 14

-.06

-.24

.13

CSARL

-.44

-.26

.09

• 10

- • 13

-.07

-.25

GRARL

.21

.06

.03

.03

• 01

.20

-.12

PCARL

-.01

- • 16

. 41

.42

- • 15

.04

-.53*

MKARL

. 01

-.07

.26

.26

-.08

.03

-.36

MPARL

.03

-.13

.25

.26

-.03

.15

-.38

RTARL

-.38

-.22

• 17

• 17

• 16

.22

-.21

1-tailed Significance:

*

£ < .01

**

£ < .001
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(Average Response Latency) are negatively correlated. This
is to be expected, since the two Pattern Comparison measures
are significantly correlated with each other inversely.
Standard analytical procedure at this point calls for
inspection of the correlations to determine whether a
multiple regression would be warranted. Since all
significant correlations except those with the TOPGUN
Gunnery Index involve independent measures, a multiple
regression would not be prudent. In addition, it was decided
not to enter both Pattern Comparison measures into a
regression equation, because of their redundant and
suppressing nature (Kennedy, personal correspondence).

DISCUSSION

It was proposed that the APTS subtests Manikin,
Simultaneous Pattern Comparison, and Four-Choice Reaction
Time would be most highly correlated with, and therefore
surrogate measures of, tank gunnery simulator performance,
as demonstrated by performance on the TOPGUN and VIGS
simulators. This hypothesis was moderately borne out, with
Manikin and Pattern Comparison tests providing three of the
four significant correlations with VIGS and TOPGUN
performance. However, a conservative significance level (Q =
.01) was chosen, due to the number of simultaneous
comparisons being made. It is for this reason that the
results presented here should be looked upon with caution.
One redeeming factor to be considered regarding the
appropriateness of the significance level involves research
already conducted showing the APTS subtests in question to
be predictive of psychomotor task performance (Turnage et
al., 1988).
For that reason, it is believed· that further research
should be conducted with larger subject populations, in
order to elucidate the APTS battery's efficacy as a
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surrogate measure of complex psychomotor performance, and
the benefits of surrogate measurement in general.
Also, in addition to the benefits just discussed, this
study has clarified many issues pertinent to surrogate
measurement and tank gunnery, as well as created new ones.
The following sections address those issues, as indicated by
the data obtained.

Reliability and Stability
It has been shown that the APTS tests are stable and
reliable (Kennedy et al., 1985; 1987). This finding was
borne out in this study as well, with virtually all subtests
stabilizing by the second of three trials, and demonstrating
significant reliabilities

<2

=

.01 ).

TOPGUN and VIGS performances, however, were only
marginally stable and reliable. For both TOPGUN and VIGS,
Times to Fire and Kill proved most stable and reliable,
which is somewhat expected, due to the relatively constant
nature of time measures. For Azimuth and Elevation Errors,
however, there are wide differences between TOPGUN and VIGS
stabilities, and correspondingly wide fluctuations in
reliabilities. With respect to VIGS' · measures, the lack of
stability and reliability found echoes the findings by
Witmer (1987), who also found low reliabilities for VIGS.
This can be attributed to many causes.
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First, the very nature of the targets presented (i.e.,
stationary, moving, primary mode, secondary mode) may reduce
reliability, due to the different behaviors required to
engage those targets (e.g., targets in the secondary mode
require gunners to apply manual "lead," elevation, and to
"track" targets. These behaviors are not required on primary
sight engagements). Indeed, this is confirmed by the ANOVA
results, which find greater Azimuth and Elevation Errors on
secondary engagements than on primary and thermal
engagements.
Second, TOPGUN engagements were perceived as less
difficult than VIGS engagements (see subject comments,
Appendix J), though safeguards were implemented to prevent
this (similarity of target types was strived for, inasmuch
as was possible given device constraints). Specifically, two
basic problems led to the difficulty imbalance: 1) an
inordinate amount of stationary targets in the TOPGUN
scenario, and 2) a very "liberal" kill zone on TOPGUN
(though both TOPGUN and VIGS kill zones were set at 100%,
TOPGUN allowed less accuracy).
Third, the gunner's cadillacs on VIGS (control handles)
frequently drifted out of calibration, leading to
inconsistency between reticle aim, and point of round
impact. This was marginally controlled for by calibrating
the handles · after every other subject; nevertheless, some
error was evident. TOPGUN required no such calibration.
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Fourth, many inconsistencies were apparent in the VIGS
and TOPGUN target scenarios.

For example, certain missions

(engagements) on VIGS would "freeze up" if the gunner did
not fire within a certain time period. In addition, certain
missions were inherently inaccurate (e.g., the gunner might
have to shoot low and to the left in order to hit the
target). Again, these inconsistencies were somewhat
controlled for by excluding clearly unreliable
missions/targets from analysis; yet, no control scheme is
ever perfect, and error undoubtedly was present.
Finally, one particular caution, mentioned by Witmer
(1987), is particularly appropriate here. When observing the
reliability figures for TOPGUN and VIGS' performances, one
must be careful when inferring usefulness or lack of
usefulness from them, due to factors such as differential
learning, which may contribute to low reliability figures.
Each of these factors certainly contributed to the lack
of stability/reliability evidenced by TOPGUN and VIGS, and
the differences between the two. However, it must be kept in
mind that some inaccuracies are to be expected, given that
the devices undergoing evaluation are low-cost trainers that
have received little prior testing and evaluation.

Multivariate Analyses of Variance (MANOVAs)
The significance of the sight x movement interaction
for the grouped dependent variables on TOPGUN and VIGS
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of sight mode as a function of target movement. In addition,
the sight x trial interaction for TOPGUN grouped dependent
variables indicates that gunnery performance over trials
varies as a function of sight mode.
Several main effects were also noted for the grouped
dependent variables on TOPGUN and VIGS. Specifically, main
effects were observed for all variables: sights, movement,
and trials; indicating that performance varies as a function
of these variables.
The univariate analyses of variance which were
conducted

(Tables 21 to 32) elucidated nicely the

differences in performance associated with varying target
types, sight modes, and trials. The one difficulty
encountered was the lack of significant findings (other than
the trial main effect and post hoc comparisons) for SCORE.
Since SCORE was a cumulative score across targets per
scenario, any SCORE values or effects which would be
obtained for sight mode or target movement per target subset
would not be logical. For that reason, only a main effect of
trial was observed for both devices, which is as it should
be (since performance SCORE is calculated by trial).

Interactions
The prevalence across aiming errors of a sight mode x
target movement interaction is not very surprising, when the
characteristics of the behaviors required per sight mode are
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considered. Specifically, the secondary mode differs from
primary and thermal mode because the gunner has to apply
manual target "lead" to moving targets, as well as apply
manual target elevation to all targets. This necessitates
placing the reticle in front (and above) moving targets in
the secondary mode, whereas in primary and thermal modes,
such manual corrections are not required. This results in
fewer incorrect judgements during primary and thermal
engagements; therefore rounds fall closer to the target.
Explanation of the sight mode x target movement
interaction for latency (speed) measures is somewhat related
to the argument just presented for aiming errors. Since the
secondary mode requires judgement of manual lead and
elevation for moving targets, it takes longer for gunners to
place the reticle on the target, and therefore longer to
fire at (and kill) the target.
The only other significant interaction _found during the
two ANOVAs was a sight mode x trial interaction for Hit
Percentage on TOPGUN. One possible explanation for this
finding may be that subjects may have learned the correct
behaviors for a particular sight mode (i.e., secondary) over
trials, resulting in significantly better Hit Percentages
during later trials. This is certainly logical; so much so
in fact that one may wonder why the same type of interaction
was not evidenced for any other dependent variables. Perhaps
one reason may be that Hit Percentage may be a more
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sensitive indicator of overall performance than the other
individual measures. In other words, where an individual
measure might not show a strong effect, a measure such as
Hit Percent, which depends on other speed and accuracy
measures (speed of acquiring targets and aiming accuracy)
may show the added effects of those other measures.

Main Effects/Post Hoc Comparisons

Sight Mode.

There were several important main effects

shown for TOPGUN and VIGS. For TOPGUN, the most prevalent
main effect was one of sight mode. All dependent measures
showed a sight mode main effect, with the exception of
SCORE. Due to the discussion earlier in this paper relating
to the behaviors required in the different sight modes, it
is easy to understand why the main effect was observed. The
exception to this occurs with VIGS' Azimuth and Elevation
measures, which have been shown to be unreliable.

Primary vs. Thermal.

Post hoc comparisons of sight main

effects showed interesting trends. For Azimuth and Elevation
Error, TOPGUN performance showed mixed findings, with
thermal Elevation Error greater than primary Elevation
Error, and primary Azimuth Error greater than thermal
Azimuth Error. Intuitively, one might expect thermal
engagements to be slightly more difficult than primary
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engagements, due to decreased visual cues. For example, in
thermal mode, objects are seen as shades of green, black and
white; whereas other sight modes utilize the full color
spectrum. Therefore, the TOPGUN Elevation Error results seem
to make good intuitive sense; however, the Azimuth Error
findings are somewhat perplexing, due to their direction.,
and due to lack of similar findings on VIGS.
TOPGUN Time to Fire also showed unexpected findings,
with primary sight performance showing greater Time to Fire
than thermal sights. One suggested cause (Turnage, personal
communication) might be that, on TOPGUN, primary targets
usually preceded thermal targets during training; thus, some
learning may have affected TOPGUN thermal engagements which
was not present during VIGS thermal engagements. This may
have affected the Azimuth Error results for primary and
thermal modes as well.

Primary/Thermal vs. Secondary.

For TOPGUN, the post hoc

comparisons investigating primary sights versus secondary
sights yielded results which were virtually the same as
those for the thermal-secondary comparison, which further
supports the idea that the behaviors required in the thermal
mode are similar to those required in the primary mode.
An unusual finding on TOPGUN involveo a significant
primary-secondary comparison for Azimuth Error, with primary
engagements having greater error than secondary engagements.
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This may have been caused by sequence, as noted before
(primary targets were presented before secondary). Also. the
fact that TOPGUN Hit Percent showed opposite results may
indicate that all hits in the secondary mode for TOPGUN were
very close to the center (though there were not many);
whereas there were many hits in the primary mode, but the
area of the target hit was far from the center. The last
explanation is the most probable, however: TOPGUN Azimuth
and Elevation readings were not completely consistent, such
that readings sometimes indicated accurate (or inaccurate)
performance, when the opposite was in fact the case. As
noted before, other problems were encountered on TOPGUN as
well, with regard to inconsistencies in target scenarios.
TOPGUN Elevation Error, Time to Fire, Time to Kill, and
Hit Percentage; and VIGS Time to Fire and Kill performances
were all shown to be worse for the secondary mode. This was
commensurate with prior expectations, due to the increased
perceptual and psychomotor effort required to position the
reticle on the target in the secondary mode. The fact that
findings for TOPGUN Azimuth Error were opposite to those
detailed above (may be due to the fact that, when engaging
moving targets in the TOPGUN primary mode, occasional
reactivation of the magnetic palm switches is necessary; if
this reactivation is not completed, the resultant round may
be farther away (in Azimuth) than expected.
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Target Movement.

Another prevalent main effect found on

both devices was that of target movement.

Stationary vs. Moving Targets.

From the post hoc

comparisons conducted between moving and stationary
engagements, all significant differences are in the expected
direction (i.e., indicating that moving target performances
were worse than stationary target performances). One
particular oddity involves the lack of findings for Time to
Fire and Kill for TOPGUN, and Time to Fire for VIGS. A
reason for this finding might be that on these simulators
gunners can only fire as quickly as the computerized loader
loads (an average of 6 to 8 seconds between rounds). This
delay might possibly mask any differences which otherwise
might appear.
For Azimuth and Elevation Error scores, both TOPGUN and
VIGS performances showed greater Azimuth Error for moving
than stationary targets. This was expected, due to the
difficulty of tracking moving targets.

Trial.

The final main effect of trial was apparently

evidenced for nine of the twelve dependent variables (across
devices). However, due to the restricted ~ignificance level
for post hoc comparisons, several of the dependent variables
did not show significant post hoc comparisons. Specifically,
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TOPGUN Elevation Error, and VIGS Time to Fire and Kill and
Hit Percent were insignificant.
Clear patterns emerged among the significant post hoc
comparisons. First, all significant comparisons showed
definite learning effects, with performance levels
increasing over trials. However, there is an important
difference between TOPGUN and VIGS results: while VIGS
results show a smooth progression of performance (Trial 4
performance was better than Trial 3, which was better than
Trial 2, which was better than Trial 1 ), all significant
TOPGUN comparisons showed a plateau in performances at Trial

2.
This finding reinforces what was shown in Table 15
regarding stability of measures; namely that most TOPGUN
measures stabilized by Trial 2, whereas VIGS measures did
not stabilize well.

Gunnery Index
An ancillary concern of this paper was to calculate
Gunnery Index values for each trial on TOPGUN and VIGS, to
observe the resultant trends. This was done, using Witmer's
(1986) formula.
Unfortunately, · due to the composite nature of the
Gunnery Index, detailed analyses of the values obtained are
difficult to interpret. Given that the TOPGUN Gunnery Index
is significantly correlated with Pattern Comparison (both
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is significantly correlated with Pattern Comparison (both
Number Correct and Average Response Latency scores), this
may indicate that the Pattern Comparison test predicts
aspects of gunnery performance; however, due to the
composite nature of the Gunnery Index, it is difficult to
determine whether speed or accuracy components are being
predicted (unless the Gunnery Index is separated into its
speed and accuracy components), or whether an underlying
variable such as procedural skills may be affecting gunnery
performance, and as such is being predicted.
One problem encountered with the use of derived
measures such as the Gunnery Index is elaborated upon by
Dunlap, Kennedy, Harbeson, and Fowlkes (1989), who state
that derived measures are generally less reliable, due to
restricted variance. This is an especially troublesome
problem if the derived measure is derived from measures that
are themselves unreliable. Since the Gunnery Index is based
upon speed and accuracy measures (Average Aiming Error,
which is a combination of Azimuth and Elevation Errors; and
Fastest Average Time to Fire), and since those aiming errors
have been found in this research to be somewhat unreliable,
composite measures derived from them may be suspect;
however, since the Gunnery Index has exhibited relatively
large estimated reliability coefficients (r = .71 for
TOPGUN; r = .42 for VIGS), further investigation into the
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nature of the Gunnery Index as a composite nature is
warranted.

Summary
This study has multiple ramifications for tank gunnery
simulation systems and surrogate measurement in general.
First, the partial support of the stated hypothesis
(that Four-Choice Reaction Time, Simultaneous Pattern
Comparison, and Manikin subtests of the APTS would predict
TOPGUN/VIGS performance), though obtained with relatively
few subjects and a large number of comparisons, provides a
useful point from which to expand.
Also, valuable information has been gained concerning
the degree of stability of each of the indices used. For
some devices (i.e., TOPGUN), this information was hard to
find prior to this study. The APTS' subtests were found to
be stable and reliable indices of cognitive and psychomotor
abilities, as they have been found in the past, while
problem areas and particular strengths of the gunnery
devices were isolated.
Another benefit of this study and data analysis has
been the calculation of Witmer's Gunnery Index, and
evaluation of its benefits and shortcomings.
One of the most useful contribution$ of this study,
however, was not immediately apparent to this author at its
inception. This involves calculation of the Multivariate
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Analyses of Variance (MANOVAs) to determine relative
difficulty of particular target types and sight modes. From
this information, insights have been gained into the
behaviors required for target engagement, while pinpointing
new areas of research. Some of the more salient insights are
listed as follows:
1.

Fairly consistent differences are seen in

performances for targets in varying sight modes. While there
seems to be no reliable difference in difficulty between
primary and thermal performances, it is clear that
performances in the secondary mode were worse than those in
either primary or thermal mode.
2.

Moving target performances were consistently shown

to be worse than stationary target performances, across
several dependent measures.
3.

While learning occurred for both devices, and over

most dependent measures, the nature of the. learning differed
between TOPGUN and VIGS, such that TOPGUN performances
stabilized very early (by Trial 2), whereas the stability of
VIGS performances was only moderate.
It has been noted earlier in this paper that problems
exist with the TOPGUN and VIGS trainers used in this study.
These problems were summarized as follows: 1) Calibration of
the cadillac handles on VIGS was a major problem, causing
Azimuth and Elevation Error results to be innacurate; 2)
TOPGUN inconsistencies in reporting Azimuth and Elevation
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Errors was also a serious problem, contributing to unusual
results; 3) the tendency for certain missions on VIGS to
"freeze" led to the eventual elimination of those missions
from analyses; 4) TOPGUN's fire commands were, at times,
inconsistent, leading to subject confusion.

A more

comprehensive list of device faults may be found in
Appendix K.
The above problems necessitated careful examination of
the obtained data, while at times frustrating and misleading
subjects. For future research efforts, it is recommended
that action be taken to remedy these problems.
This research has done much to pave the way for followon research to be conducted. Some specific hypotheses may be
formed to address such central issues in tank gunnery as the
reasons for gunnery inaccuracy, choices for optimal training
strategies, and other basic learning issues. A particular
issue which warrants much research involves the setting of
the kill zone level on TOPGUN and VIGS, and the resultant
effect upon performance and learning. A second issue
involves skill decay. Little research has been done to
ascertain the rate at which tank gunnery skills decay. Since
simulators offer a controlled research environment with the
associated advantage of flexibility, it is imperative that
retention studies be planned and conducted.

APPENDICES

APPENDIX A
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Breakdown of TOPGUN Activities and Evaluation of
Trainability*
BROAD CATEGORY

ACTIVITIES TRAINABLE

1. PREOPS CHECKS

Check Power Control Handles
(YES)

2. PREFIRE CHECKS

Report Weapon Status (YES)
Receive TC Briefing (YES)

3. ACQUIRE TARGETS

Select GPS/TIS Mag. (YES)
Search on Gun Axis With GPS
(YES)
Alternate Using GPS with TIS
(NO)+
Execute Search Techniques
(NO)
Search on Gun Axis with TIS
(YES)
Detect Targets/Signatures/
Obstacles (NO)
Locate Targets (YES)
Announce GUNNER REPORT (NO)
Estimate Range to Evaluate
LRF Return (YES)

4. ENGAGE SINGLE TARGETS
WITH MAIN GUN

Thermal Magnification (YES)
Thermal Mode: ON (YES)
Evaluate Range Display (YES)
Check Ready to Fire Faults
(NO)
Listen for . "UP" (YES)
Listen for "FIRE" (NO)+
LRF: Arm Last RTN (NO)+
GPS:3x (YES)
Gun Select:MAIN (NO)
Sight Through GPS (NO)
Grasp Palm Switches (YES)
Announce "IDENTIFIED" (YES)
Switch GPS to 10x (YES)
Lay on Target Center of Mass
(YES)
Track Moving Target (YES)
Depress Lase Button (YES)

5. ADJUST FIRE

Recover Sight Picture (NO)+
Observe/Announce Round
Effect (YES)
Announce REENGAGING (YES)
Release/Reengage Palm
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Switches (YES)
Observe/Announce Deflection
and Range Error (YES)
Adjust 1 mil Deflection
(YES)
Adjust 200 Meters Range
(YES)
6. ENGAGE MULTIPLE TARGETS
WITH THE MAIN GUN

If Target not Destroyed,
Adjust Fire (YES)

7. ENGAGE TARGETS USING
DEGRADED GUNNERY TECHNIQUES

Set LRF:SAFE (YES)
Set Gun Select:MAIN (NO)
Sight Through GAS (NO)
Grasp Palm Switches (YES)
Announce IDENTIFIED (YES)
Lay Announced Range Line on
Target (NO)+
Lead Moving Target (YES)
Listen for FIRE (NO)+
Announce ON THE WAY (YES)
Squeeze Trigger (YES)
Continue Tracking (YES)

* From Hoffmann and Morrison (1987; Appendix G-2-1)
+ Items which have since been changed/improved.
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Breakdown of VIGS Gunnery Activities and Evaluation of
Trainability*
BROAD CATEGORY

ACTIVITIES TRAINABLE

1. PREOPS CHECKS

Perform TIS Check (NO)
Check Power Control Handles
(YES)

2. PREFIRE CHECKS

Report Weapon Status (YES)
Index Battlecarry Ammo on
Ammo Select Switch (YES)
Receive TC Briefing (YES)

3. ACQUIRE TARGETS

Estimate Range to Evaluate
LRF Return (NO)

4. ENGAGE SINGLE TARGETS WITH
MAIN GUN

LRF: Arm Last Return (NO)+
Gun Select: MAIN (NO)+
Ammo Select as Announced
(YES)
Sight Through GPS (YES)
Grasp Palm Switches (NO)+
Look Through GPS (YES)
Announce IDENTIFIED (YES)
Lay on Target Center of Mass
(YES)
Track Moving Target (NO)+
Depress Lase Button (NO)+
Squeeze Trigger (YES)
Continue Tracking (NO)+
Thermal Mode:ON (YES)
Evaluate Range Display (YES)
FLTR/CLEAR/SHUTTR: SHUTTR
(YES)
Check Ready to Fire and
Faults (NO)
Sensitivity, Contrast, and
Focus for Best Image
(YES)
Make Control Lay (YES)
Listen for UP (NO)+
List~n for FIRE (NO)+
Polarity Switch White or

Black Hot (NO)+
Announce ON THE WAY (YES)
5. ADJUST FIRE

Recover Sight Picture (NO)+
Observe/Announce Round
Effects (NO)+
Announce REENGAGING (YES)
Release/Reengage Palm
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Switches (NO)+
Announce Deflection and
Range Error (Yes)
Adjust 1 mil Deflection (NO)
Adjust 200 meters range (NO)
6. ENGAGE SINGLE TARGETS
WITH MAIN GUN

LRF:Arm LST RTN (NO)+
GPS:3x (NO)
Gun Select:COA (NO)+
Grasp Palm Switches (NO)+
Announce IDENTIFIED (YES)
Lay on Center of Mass (YES)
Depress Lase Button (NO)+
Evaluate Range Display (YES)
Listen For FIRE (YES)
Announce ON THE WAY (YES)
Fire 20-30 Round Burst (YES)
Adjust Fire (YES)

7. ENGAGE MULTIPLE TARGETS
WITH MAIN GUN

Adjust Fire (NO)+

8. ENGAGE TARGETS USING
DEGRADED GUNNERY TECHNIQUES

LRF:Safe (NO)+
Gun Select:MAIN (NO)+
Ammo Select (YES)
Reengage Target Using
Precision Gunnery Without
Lasing To Target (NO)

9. ASSESS RESULTS OF ENGAGEMENT Index Battlecarry Ammo (NO)
Announce IDENTIFIED (YES)

* From Hoffmann and Morrison (1987; Appendix G-1-1)
+ Items which have since been changed or improved.
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Signup Sheet for Tank Gunnery Transfer Experiment
A

T

T

E

N

T

I

0

N

!!

Students are needed to participate in an experiment
which will investigate the transfer of tank gunnery skills
trained on two part- task gunnery trainers to a whole-task
gunnery trainer.
Students, in order to be included, must fulfill the
following requirements:
1)

Must be of the male gender.

2)

Must be a UCF student.

3)
Must be able to participate for a total of 16 hours,
broken up as follows:
a.
First, four hours will be required the first week,
in which testing will be administered.
b.
Second, students will be required to participate
for 2 hours per day for 4 consecutive days during the second
week.
c. Third, students must be able to travel to Daytona
for one day during the third week, for 3 hours of off-site
training. (Travel time not included)
4)
The ideal subject will be of Freshman or Sophomore
standing.
Students may be placed in one of two experimental
conditions: either a full experimental condition, in which
"a", "b", and "c" of number 3 are fulfilled; or a control
condition, in which only "a" and "c" are fulfilled.
At the termination of the experiment, students will be
paid at the rate of approximately 5.00 per hour for their
participation.
Therefore, students who are in the experimental condition,
putting in approximately 20 hours of work, will be paid
100.00 for their services; and students in the control
condition, who fulfill only steps "a" and "c" of number 3, ·
above, will be paid 50.00 for ·their participation via OPS
contract.
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STUDENT (Name and S.S. #)

TIMES AVAILABLE

PHONE#

----------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------· --
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Informed Consent Form for The Use of
Surrogate Measures in Tank Gunnery Transfer

In this experiment, we are going to measure the degree
of transfer that occurs between .two part-task gunnery
simulators and a full-fidelity tank gunnery trainer. In
order to do this we will be administering four predictor
tests to determine factors which might influence simulator
performance. Your participation will be needed for
approximately 16 hours, allocated as follows:
1)
Four hours the first week, at a preassigned time.
2)
Eight hours the second week (2 hours/day for 4
consecutive days). Control subjects will not receive this
training.
3)
Four hours the third week, at a preassigned time.
The experiment will be carried out in the Human Factors
Laboratory of the Institute for Simulation and Training by
Dr. Janet Turnage, Department of Psychology (275-2910) and
her associates.
On some of the tests and simulator tasks you will
notice that your performance will improve. This is due to
learning and it is one of the issues we are studying in this
experiment. As with all test batteries (a test composed of
several individual tests that measure different abilities),
and simulated tasks, there will be items and tasks which are
easy and those which are difficult. No one is expected to be
able to perform perfectly, but we ask that you perform as
accurately and as quickly as possible. Therefore, please do
not serve as a subject any time that you are not in your
usual state of fitness, mentally and physically. During the
period of the experiment if you go on medication, experience
heavy pressure or stress, end up not getting a good night's
sleep, or take more than one or two cups of coffee or
alcoholic beverages in the last 24 hours, we ask that you
alert the experimenter, or reschedule your session.
All data will be encoded numerically to ensure every
subject's confidentiality and anonymity. The coded data will
be examined only by the members of the research team, and
you are assured that the data will not be used for any
purpose other than the scientific goals of this experiment.
Your data will be stored on both diskette and paper, so that
no one except the experimenters will have access to your
scores. Participat~on in this study is voluntary, and
refusal to participate will not result in any penalty or
loss of benefits to which one is otherwise entitled. Anyone
who wishes to withdraw from participation ·may do so at any
time. As a participant in this study you will receive $5.00
per hour. Therefore, control subjects will be paid $50.00,
experimental subjects will be paid $100.00, and subjects who
withdraw will be paid on a pro-rata basis. Thank you for
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your participation in this experiment.
I, _ _ _ _ _ _ _ _ _ _ _ have read this Informed Consent
Your Name
Form on ______________ , and fully understand the
Today's Date
Information Above.

·s . s.

---------
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Subject Background Information

The purpose of this questionnaire is to collect
background information on soldiers participating in the
IST/ARI transfer of training research. This information will
be used strictly for research purposes only. Please complete
each item to the best of your ability. Write "N/A" for each
item you cannot answer.
1.

Name: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
M.I.
First
Last

2.

Social Security Number: - - - -

3.

Date of Birth: ___ / _ _ / _ __

4. Present grade classification (Junior, Senior,
etc.)

--------

5.

Length of time spent in ROTC _ _ _ _ _ _ _ _ _ __

6.

Of what branch ROTC are you a member (Air Force or
Army) _ _ _ _ _ _ _ __

7.

How often do you play video games (circle one)?
A. less than once per week
B. once per week
C. 2-4 times a week
o. greater than 4 times/week
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TOPGUN Instructions
Hi! My name i s - ~ ~ ~ - ~ - - - - - with the Institute for
Simulation and Training here at UCF. Today you will train
for approximately 2 hours on the TOPGUN tank gunnery
trainer.
Please seat yourself inside the trainer. TOPGUN is an
arcade-type trainer which has few knobs to manipulate. With
TOPGUN, soldiers can train or sharpen their gunnery skills
in a competetive environment.
In front of you, you will see two connected handles
(cadillacs). These cadillacs move the gun tube up, down, and
side to side. To move the reticle (crosshairs) side to side,
turn the handle like a steering wheel. To move the reticle
up or down, twist the handles accordingly. (demonstrate).
You will also notice two sets of buttons. The first set of
buttons, located near the top and inner portions of the
handles, controls the laser rangefinder mechanism. This
gives you a "lock" on the target, as well as computing the
target's range which is shown on the screen. The second set
of buttons, located near the index fingers' position, are
the fire buttons. Finally, in order for any buttons or
movements to work, THE PALM LEVERS ON THE FRONT OF THE
CADILLAC HANDLES MUST BE ENGAGED!!!
Therefore, when engaging a target, the sequence of
activities is as follows:
1. Squeeze palm levers and hold them down.

* 2. Manipulate cadillacs to bring reticle to desired
position (on target).
When manipulating the cadillacs, be sure that the
last movement of the reticle onto the target is in an upward
motion. Also, when rengaging the target, be sure to "dump
lead" by disengaging and reengaging the palm levers!
(demonstrate)
3. Activate Laser Rangefinder.
4. While still tracking the target, press the fire
button.
S. Assess results and reengage target if necessary.
6. Disengage palm levers.
When playing TOPGUN, an automated tank commander will move
you close to the target to be engaged. He will then give you
the order to fire. When shooting more than once, yu must
wait for the "UP" signal before firing. This indicates that
a shell is chambered and ready to fire. Firing before the
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"UP" or "FIRE" commands will result in penalties being
assessed against your score.
There are three modes of operation that you will use in the
following engagements. These are GPS (Gunner's Primary
Sight), GAS (Gunner's Auxiliary Sight), or TIS (Thermal
Imaging System). At the start of each engagement, I will
tell you which mode you will operate in and it will be your
responsibility to switch manually to that particular mode. A
toggle switch to yur left enables you to operate in GPS or
GAS mode. The "Sight Select" switch must be set to "PRIMARY"
for GPS mode and "SECONDARY" for GAS mode. For TIS, the
"Sight Select" switch must be set to "PRIMARY" and the
toggle switch to your right (thermal mode) must be set to
"ON".
When the automated tank commander announces a target and
slews you toward it, it will be your responsibility to
switch from Magnification "3x" to Magnification "10x". After
confronting the target, the commander will say "cease fire".
At this point, you should switch back to "3x", in
preparation for the next target.
Are there any questions regarding these instructions?

-----8
12
---0-------16
20
-----24
28
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VIGS Instructions

Hi! My name i s - - ~ - - - - - - - - with the Institute for
Simulation and Training here at UCF. Today you will train
for approximately 2 hours on the VIGS tank gunnery trainer.
Please have a seat in front of the trainer. VIGS is a
trainer which utilizes videodisk technology to present 30-45
second engagements to the trainee. There are more switches
and knobs that need to be manipulated than on TOPGUN.
In front of you, you will see two connected handles
(cadillacs). These cadillacs move the gun tube up, down, and
side to side. To move the reticle (crosshairs) side to side,
turn the handle like a steering wheel. To move the reticle
up or down, twist the handles accordingly. (demonstrate)
You will also notice two sets of buttons. The first set of
buttons, located near the top and inner portions of the
handles, controls the laser rangefinder mechanism. This
gives you a "lock" on the target, as well as computing the
target's range which is shown on the screen. The second set
of buttons, located near the index fingers' position, are
the fire buttons. Finally, in order for any buttons or
movements to work, THE PALM LEVERS ON THE FRONT OF THE
CADILLAC HANDLES MUST BE ENGAGED!!!
Therefore, when engaging a target, the sequence of
activities is as follows:
1. Squeeze palm levers and hold them down.
*2. Manipulate cadillacs to bring reticle to desired
position (on target).

When manipulating the cadillacs, be sure that the
last movement of the reticle onto the target is in an upward
motion! Also, when reengaging the target, be sure to "dump
lead" by disengaging and reengaging the palm levers!
(demonstrate)
3.
4.
button.
5.
6.

Activate Laser Rangefinder.
While still tracking the target, press the fire
Assess results and reengage target if necessary.
Disengage palm levers.

Now, look at the panel in front of you. you will notice
a screen embedded within the panel. When an engagement
begins, you must look at the screen to determine the type of
mission which is forthcoming. There are two possibilities:
1. "Initiating Mission". In this case, the shutter
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switch needs to be set on "clear" and the thermal mode
switch must be on "standby".
2. "Initiating Thermal Mission". In this case, the
shutter switch must be turned clockwise to "SHUTTR". Also,
the thermal mode switch must be set to "ON".
After proper setting of the shutter and thermal mode
switches, the engagement will begin. An automated tank
commander will slew you to the target, while instructing you
as to the type of ammunition required to be used (i.e.,
"GUNNER, SABOT" or "GUNNER, HEAT").
After hearing this, you must manipulate the switch
above the screen (reticle selection switch) and the ammo
selection switch accordingly.
At this point, you should place the reticle on the
target, press the laser rangefinder button, and fire,
continuously tracking.
Are there any questions regarding these instructions?

-----8
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GAS sighting instructions
The following few engagements will use the manual
reticle you see on the screen. When the automated tank
commander slews you to the target, he will announce a range
(i.e., "one four hundred, one two hundred, etc·.). Upon
hearing that range, place the reticle line corresponding to
it on the target ("14" corresponds to "one four hundred,
etc.). Also, apply lead if the target is moving!
Do you have any questions regarding these instructions?
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Subject

No. - - - - -

Subject Opinion Questionnaire

The purpose of this questionnaire is to collect
subjects' opinions about the devices they used in the
IST/ARI transfer of training research. This information will
be used strictly for research purposes only. Please complete
each question to the best of your ability. Write "N/A" for
each item you cannot answer.
Part One -- TOPGUN

The following survey questions pertain only to the
TOPGUN trainer. Please indicate how much you agree or
disagree with the following statements. Read each statement
carefully, then choose the number from the scale below that
matches your feelings about the statement. If you have other
opinions regarding TOPGUN that are not covered in the survey
please elaborate upon these in the comments section.
1

2

3

4

5

1----1----1----1---1

Strongly
Disagree
1•
2•

Somewhat
Disagree

Neither Agree
nor Disagree

Somewhat
Agree

Strongly
Agree

I enjoyed training on the TOPGUN device.
TOPGUN helped me to improve/learn tank gunnery

skills.
If I could see the target, I could hit it.
Most of the target engagements were too difficult.
If given a choice, I would use TOPGUN to train on.
I could use TOPGUN without any instructor
assistance.
7.
I thought TOPGUN engagements were too easy. ·
8.
I had trouble finding targets on TOPGUN.
9.
I liked the "unity window" for locating targets.
10.
The skills trained on TOPGUN were the same as on
ICO~
11.
The device features on TOPGUN (color coding of
targets, etc) were helpful when learning to hit the targets.
12. _ _ Prior TOPGUN training helped my performance on
ICOFT.
3.
4.
5.
6.

COMMENTS: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Subject

No. - - - Part Two -- VIGS

The following survey questions pertain only to the VIGS
trainer. Please indicate how much you agree or disagree with
the following statements. Read each statement carefully,
then choose the number from the scale below that matches
your feelings about the statement. If you have other
opinions concerning VIGS, please write them in the comments
section.

1

2

3

4

5

1 - - - 1 - -Neither
- - -Agree
1 - - -Somewhat
-1--1
Strongly Somewhat
Strongly
Disagree
1•

2.
3.

4.
5.
on.
6.
7.
8.

9.
10 •

Disagree

nor Disagree

Agree

Agree

I enjoyed training on the VIGS device.
VIGS helped me to learn/improve my gunnery skills.
If I could see the target, I could hit it.
Most of the engagements were too difficult.
If given a choice, I would choose the VIGS to train
I could use VIGS without any instructor assistance.
I thought the VIGS engagements were too easy.
I had trouble finding targets on VIGS.
I was confused by the adjustments required by VIGS.
The skills trained on VIGS were the same as on

ICOFT.
11•
12 •

The voice on VIGS was difficult to understand.
Prior VIGS training helped my performance on ICOFT.

COMMENTS: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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TOPGUN Comments
1. TOPGUN was easier than ICOFT as far as being able to
spot targets. ICOFT's vision screen was not very good.
2.
I feel the TOPGUN simulator was at some times
inconsistent. What worked on the shot before did not always
work on the next shot.
3. The TOPGUN simulator trains the operator to aim a little
high.
4.
I had a good time and got some good information and
knowledge out of it.
5.
I really liked it, but the real one was phenomenally
harder than the TOPGUN.
6.
I thought the TOPGUN was not difficult enough to provide
a good basis for performance on ICOFT.
7. The controls on ICOFT were a little more sensitive than
TOPGUN.
8. Thought the secondary sight with the numbered reticle
was more accurate even with having it to lead moving
targets.
9.
I think that the biggest benefit from TOPGUN was
learning to feel the controls, not the actual targets.
10. Lost the effect of having to use one eye in sight,
which also makes the controls tougher to find in a hurry.
11. TOPGUN helped in training for the cadillacs but the
screen should have been changed to more resemble the ICOFT.
Also, the first simulators [part-task] needed to be modified
to act (jump around) like the GE version.
12. TOPGUN was too easy. There should have been a much more
rigorous setup as you advance through the TOPGUN program.
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VIGS Comments
1. VIGS was more closely related to ICOFT than TOPGUN. Also
I had a hard time tracking targets on VIGS. Some targets I
thought I was zeroed in on, I missed completely.
2.
Out of the two, at first, I would say VIGS was the more
realistic. The intensity and grading system helped.
3. VIGS was harder than TOPGUN, I thought, but the ICOFT
blew both of them away.
4.
VIGS is much better than TOPGUN, however it is still far
from ICOFT. It may be better if we can wear a headset when
we work up with VIGS. Moreover, the training of condition
with ICOFT is much different (dark and hot rooms).
5.

VIGS shares many similarities with ICOFT.

6. THe ICOFT was very different from VIGS. The controls are
in different places and the commander voice on ICOFT was
almost completely not understandable. In a real life
situation, or for a more realistic experiment, much more
training is needed to be done before practicing on ICOFT.
The movement over the hills that ICOFT does is very
important and some prior training would have been very
helpful.
7.
I liked VIGS because I felt it was more intense and
challenging.
8.
I actually preferred the VIGS training to ICOFT. I felt
that the fact that both tanks moved made a more realistic
mission. It also made it more challenging.
9. The VIGS system was more similar to the ICOFT in that it
used the monocular view finder.
10. Once again I thought that "VIGS" was much too easy, it
should involve a much harder starting stage and become
increasingly more difficult as you proceed.
11. If you could let the trainee listen to the voice saying
most of the command words, it would allow the trainee to get
used to the voice.
12. VIGS was a good simulator of ICOFT. I believe that the
printout is a good motivational factor and training aid.
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The Following is a List of Faults Found to be Evident
in the TOPGUN and VIGS Devices
T O P G U N

1. The engagements on TOPGUN are generally too easy.
2. The kill zone (100%) is too easy/liberal.
3. The second target in the scenario is not "noticed" by
the artificial TC.
4. TOPGUN says "cease fire" twice when the "moving ammo"
message is displayed.
5. Minimal lead is sometimes necessary even in primary and
thermal moving engagements.
6. Occasionally, even though the round is seen as hitting
the target, no effect is realized (the target is not
killed).
Data Coding Issues
1. Retical Aim (Azimuth and Elevation) figures are
sometimes greater when the subject hits the target than when
the subject misses.
2. The Azimuth and Elevation criteria to hit the presented
targets are not consistent.
V I G S

1. VIGS differs in the fire commands from TOPGUN, giving a
second "fire" signal when multiple targets are presented.
2. VIGS has numerous trees in the display; this affects the
subjects' ability to hit targets as well as the timing of
various parameters.
3. Scenario images must occasionally be clarified.
4. VIGS has periodic "glitches", in which the screen
freezes and shakes, while the subject is not given the
opportunity to complete the engagement. Also, VIGS sometimes
records false operator errors such as "firing before fire
command" when the opposite is true.
5. On certain missions (18, 25) VIGS tends to shoot high.
Data coding issues
1. When subjects hit the wrong target .first, VIGS gives
erroneous readings (showing more than one hit per target).
2. Data scrolls off the screen when the subject fires more
than five rounds per mission. In that case, Azimuth and
Elevation readings are lost.
3. The Azimuth and Elevation criteria to hit the presented
targets are not consistent.
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